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EXECUTIVE SUMMARY

Single-shell tank 241-T-111 is a Hanford-Site High-Level Waste tank that was most recently

sampled in late October and early November 1991. Analyses of materials obtained from

tank 241-T-111 were conducted to support the Hanford Federal Facility Agreement and

Consent Order' (Ti-Parry Agreement) Milestone M-10-06 (now M-44-05). The waste in

tank 241-T-111 is a complex material primarily made up of water and inorganic salts in a

-gel-ike-matrix. -The insoluble solids are a mixture of phosphates, silicates, oxides, and

hydroxides in combination with lanthanum, calcium, manganese, iron, bismuth, uranium, and

chromium. The soluble analytes are primarily sodium, nitrate, sulfate, and fluoride (see

Table ES-1).

Exotherms over -215 cal/dry gram were detected in the first two segments from each core.

As a result of these analyses, tank 241-T-111 has been placed on the Organic Watch List.

The source of these exotherms remains under investigation; however, under present tank

conditions, there is no possibility that a rapid exothermic reaction will occur. Another

finding from the characterization analyses was that the present method for determining or

measuring total organic -carbon was not effective for the organic materials in this waste

matrix. Further investigation ofithe method failurefor this waste is- underway- and other

assay methods are being considered.

'Ecology, EPA, and DOE, 1994, Hanford Federal Facility Agreement and Consent
Order, 2 vols. as amended, Washington State Department of Ecology, U.S. Environmental
Protection Agency, and U.S. Department of Energy, Olympn-, Washington.

2Wicks, J. H. 1994, Tank Tll, (Internal Memo 94-003 to D. A. Turner, March 3)
Westinghouse Hanford Company, Richland, Washington.
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Comparisons of the calculated bulk inventories for various analytes of concern show that tank

241-T-111 is within established operating safety requirements for heat-load, ferrocyanide,

and plutonium inventory. From assessment of past and present surveillance data,

tank 241-T-111 is considered an assumed leaking tank (see Table ES-2). Mitigation presently

is taking place to remove the remaining free liquid in the tank in order to forestall any

further leakage of tank contents to the environment. The free liquid is being transferred to

tank 241-SY-102 as part of the overall single-shell tank stabilization effort'.

The results of the analyses have been compared to the dangerous waste codes in the

"Washington Dangerous Waste Regulations" (WAC 173-303). This assessment was

conducted by comparing tank analyses against dangerous waste characteristics ("D" waste

codes) and against state waste codes. The comparison did not include checking tank

analyses against "U, "OP," "F," or "K" waste codes because application of these codes is

dependent on the source of the waste and not on particular constituent concentrations. The

results indicate that the waste in this-tank is adequately described in the Dangerous Waste

Permit Application for the Single-Shell Tank System: this permit is discussed in the Tank

Characterization Reference Guide.

3Jenkins, C.E. and D. B. Engleman,-1994, Engineering Report: Mfanaging the Assumed
Leakfrom Single-Shell Tank 241-T-111 WH C-SD-WM-ER-337, Westinghouse Hanford
Company, Richland, Washington.

4WAC 173-303, -Dangerous A.e Regulations", Washington Administrative Code, as
amended, Olympia,_Washington

De Lorenzo, D. S., et al. 1994, Tank Characterization Reference Guide,
WHC-SD-WM-TI-648, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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--Analysis of the process history of the tank provided valuable information about the likely

physical and chemical condition of the waste. Direct comparisons with historical tank

wiewT vnderway a Ls Aiams Nationa Laboratory are not possible at this time because

the-Los Alamos National Laboratory-effort has -not progressed to encompass tank 241-T-111.

However, estimates and comparisons using the available process knowledge6 have been

made. Further comparisons with the Los Alamos National Laboratory database will be made

when it becomes available in 1995. The available historical information, in combination with

the analysis of the tank waste, suppors the conclusion that a rapid exothermic reaction in

tank 241-T-1JJ with the present tank conditions is not plausible because of the high moisture

content of the waste and lack of any concentrated heat source. Therefore, the contents of

tank 241-T-111 present no credible imminent threat to the workers at the Hanford Site, the

public, or the environment. Because an exothermic reaction is not credible, the

consequences of this accident scenario, as promulgated by the General Accounting Office,

are not applicable. 7 However, until the source and mechanism of the exotherm is further

clarified, it was considered prudent to list the tank on the Organics Watch List, apply more

rigorous access cantrods, and conduct further intrusive operations in tank 241-T-111 with

greater care.

6Agnew, S. F., 1994, Hanford Defined Wastes: Chemical and Radionuclide
Compositions, LA-UR-94-2657, Los Alamos National Laboratory, Los Alamos, New
Mexico.

'Peach, j D., 1990, Consequences of Explosion of Hanford's Single-Shell Tank are
Understated, (Letter B-241479 to C. M. Synar, Chairman of Environment, Energy, and
Natural Resources Subcommittee, Committee on Government Operations, House of
Representatives), GAO/RCED-91-34, General Accounting Office, Washington, DC
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Table ES-1. Single-Shell Tank 241 -T- 111 Concentrations and
Inventories for Critical List Analytes.

Physical Properties

Density 1.16-1.28 g/mL H20 76.0% 1,650,000 kg

Temperature 16 *C Heat Load 81 w (24 BTU/hr)

pH 11.65 Total Waste Mass 2,171,000 kg

Chemical Constituents Cocenraio Bulk entory

(wt%)

Calcium (Ca) 0.242 5,260

Chromium (Cr) 0.198 4,290

Iron (Fe) 1.85 40,200

Manganese (Mn) 0.633 13,700

Sodium (Na) 3.70 80,300

Bismuth (Bi) 2.60 56,300

Lanthanum (La) 0.422 9,200

Silicon (Si) 0.567 12,300

Uranium (U) 0.355 7,700

Total Phosphate (P0 4
3) 3.23 70,100

Sulfate (SO; 2 ) 0.355 7,700

Nitrate (NO,) 4.13 89,700

Fluoride (F) 0.230 4,990

Total Organic Carbon 0.312 6,770
(TOC)

Radionuclides (pCi/g) (Ci)

Total Plutonium 0.304 660

Am-241 0.0425 9? 4

Sr-90 5.41 11,800

Cs-137 0.166 360

vi
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Table ES-2. Tank 241-T-111.

Tank Description

Type: Single-Shell

Constructed: 1944

In Service: 1945

Diameter: 75 ft (22.9 m)

Usable Depth: 17 ft (5.2 m)

I Operatin Capacity: 530,000 gal

(2.01E+06 L)
Bottom Shape: Dished

Hanford Coordinates: 43.3470 North

75.737* West
Ventilation: Passive

Tank Status: as of May 1994

Contents: Non-Complexed Waste

Total Waste: 456,000 gal

(1.73E+06 L)
Supernate Volume: 0 gal

(0 L)
Drainable Interstitial
Liquid: 51,000 gal (193,000 L)

Manual Tape Surface Level
(under riser): 161.1 in. (408.9 cm)

Liquid Observation Well
Level: 158.8 in. (403.4 cm)
integrity Category: Assumed Leaker
Watch List Status: Organic

Vii
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Figure ES-1.
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TANK CHARACTERIZATION REPORT: TANK 241-T-111

1.0 INTRODUCTION

In late October and early November of 1991, single-shell tank (SST) 241-T- 111 was sampled
and analyses were conducted on the materials obtained to complete Hanford Federal Faciliry
Agreement-and Consent Order (ri-Party Agreement) Milestone M-10-00 (Ecology
et al. 1992)_to sample and analyze two cores fron each tank. - Other objectives that these
measurements and inventory estimates support are as follows.

. Obtain estimates of both the concentration and total quantity of key analytes
relating to safety issues, such as organics and radionuclides.

. Provide input to risk assessment-based disposal decisions for the waste.

e Imnlement physical property measurements, such as rheology, bulk density, and
particle size. These measurements are necessary for the design and fabrication
of retrieval, pretreatment, and vitrification systems.

1.1 PURPOSE

The purpose of the tank characterization report is to describe and characterize the waste in
SST 241 -T- 111, based on information from various sources. This report summarizes the
available information regarding the waste in tank_24-T-l 11, and arranges this information in
a format useful to support management and technical decisions concerning this waste tank.

1.2 SCOPE

This report presents-a broad background of information that was available before core
sampling, which initially guided the development of the sampling and analysis program.
This-material includes process stream data, historical information about any previous
c haractenizauion testing, transfer records, and observations from in-tank photographs. The
results of tank 241-T-l I core-sample analyses are summarized and presented, along with a
statistical interpretation of the data. The information obtained from historical sources will be
compared and correlated with the actual waste measurements in this report. As
characterization efforts proceed and additional information becomes available, this document
will be revised periodically to reflect the new data set.
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2.0 HISTORICAL TANK INFORMATION AND EVALUATION

Radioactiv&_ wastes froimdefenseoperation have accumulated at the Hanford Site in
underground waste tanks since the late 1940s. The original tank farms (B, C, T, and U)
were built from 1943 to 1944. Tank 241-T- 111 was placed into service in 1945. Groups of
waste tanks that were physically located together and built at the same time are called tank

-farms. Each original tank has a diameter of 22.9 m (75 ft), an operating depth of 5.2 m
(17 ft), and a nominal capacity of 2 million liters (530,000 gal). The basic design of a
typical SST is shown in Figure 2-1. The tanks were constructed of reinforced concrete with
a mild steel liner covering their bottoms and sides. The carbon steel liners were designed to
receive and contain neutralized, mildly alkaline wastes. The tops of the tanks are concrete
domes. Tanks such as 241-T-111 were all covered by at least 1.8 m (6 ft) of soil for
shielding purposes (Anderson 1990). The tanks in the tank farms were connected in groups
of three or four and overflowed from one to another in a configuration known as a cascade.
Tank 241-T-111 is the middle tank in a cascade that includes 241-T-110 and 241-T-112.
Cascades served several functions in Hanford-Site waste management operations. - By

-cascading-anks fewer-eonnections needed to be made during waste disposal. Consequently,
all three tanks were usable without having to connect the active waste transfer line directly to
each individual- tank. This handling method reduced the likelihood for personnel exposure to
-the waste and diminished the chances for a loss of tank integrity because of overfilling,

Another benefit of the cascades was clarification of the wastes. When used in this manner,
most of the solids in the waste slurries routed to the tanks settled in the first tank
(241-T-110), and the clarified-liquids cascaded on to the other tanks in the series (241-T-11I
and 241-T-112). Supernate from the final tank in a cascade series was sometimes routed to a
disposl trench. Since--most radionuclides are insoluble in aqueous alkaline media,
c catiared ced -the potentai-L MIOULt 0f tadiological contamination to the environment.

However, historical sources report that cascade lines routinely clogged (Anderson 1990).
-11 d6grgrr-Gccurred, very lIte could be done to resolve the problem, other than re-

rnun. the-effluent stream directly to the disposal tank. Cascading was a common practice
in the early process history of the tanks, but became less frequent as time passed, virtually
ceasIngL by tihe late 1950s.

I rA 1,1*L 11 II 4L LYTV S.

2- TXNK 241-TiH jsrY

The first type of waste that tank 241-T-1 11 received and stored was second-cycle
decontamination waste from the bismuth phosphate process (2C) (1945 to 1952). The tank
was filled by a cascade of 2C waste in the fourth quarter of 1945. The supernatant in the
tank was disposed to a crib in the third and fourth quarters of 1947. The tank was then re-
£IeL wIth 2C waste in the second quarter of 1948. After the cascade was filled again in late
1948, tank 241-T-111 remained in active service. From 1953 to 1955, tank 241-T-1lI was
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Figure 2-1. Typical Single-Shell Tank Diagram.
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used to cascade 2C and lanthanum fluoride waste (224) from the LaF3 finishing process in
TPlant to a crib, in addition, Anderson (1990) reports that some 5-6 cell drainage out of
B Plant was routed to the tank along with 224 waste in 1952.

After the end-of-the T-Plantascade in -1955, the reported total -waste volume remained
relatively unchanged [between 1.98 and 2.12 million L (524,000 and 560,000 gal)] for the
remainder of the tank's active service life. There was a residual heel of at least

1.85 million L (488,000 gal) left from previous waste management operations.
Tank 241-T-1 11 remained in 2C service through the third quarter of 1956 (T Plant ran BiPO4
until August 1956). Anderson (1990 notes-that in- 1952 the tank-was also receiving
224 waste from the plutonium purification/concentrationprcesses performed in the
224-T building.

T Plant initially was built as a bismuth phosphate processing plant, however that purpose was
changed when it became an equipment decontamination facility. The tank would have also
received miscellaneous decontamination chemicals from T-Plant decontamination operations
performed in the 1960s. The records are not clear whether tank 241-T-111 always received
waste as overflow from tank 241-T- 110, or if waste was later routed directly to it. There is
anecdotal evidence that the cascade overflow line plugged early in the service life of
tank 241-T-l 10, and that a direct discharge line from T Plant was used to dispose of wastes
to tank 241-T-111, however no reference confirming this fact can be found. Between 1964
and 1974, the reported solids volume fluctuated widely between 1.93 and 0.88 million L
(510,000 and 233,000 gal). A highly anomalous reading of 150,000 L (40,000 gal) is not

-considered credible and is believed to be the result of a transcription error. In that time
period, the total volume reported rose slightly, then decreased from 2.06 million L to
1.85 million L (541,000 to 488,000 gal) (Anderson 1990). In the second quarter of 1974,
there were two small transfers out of Tank 241-T-1ll: one of 106,000 L (28,000 gal) to
tank 241-S-110 and one of 53,000 L (14,000 gal) to tank 241-T-109.

in the third quarter of the same year, dry wells 50-11-05 and 50-11-08 were drilled and in
the -ourth quarter-of 1974; tank 241-TI] was removed from active service. In the first
and second quarters of 1976, two minor transfers of 30,300 L and 19,000 L (8,000 and
5,000 gal), respectively, were made out of tank 241-T-ll1. Saltwell pumping commenced in
the third quarter of 1976 as part of the tank stabilization effort, and no further waste receipts
were made. In 1979, the integrity of the tank was questioned and dry well 50-11-11 was
drilled in the third quarter. As a result of an observed level drop, tank 241-T-I11 was
declared an assumed leaker in 1984 (Hanlon 1994). Figure 2-2 illustrates the fill and
transfer history of 241-T-1 11.

The wide fluctuation in the eariy reported solids level makes it difficult to derive any firm
conclusions regarding the stratification in the tank on a strictly historical basis. Overall
sludge volume in the tank may have decreased somewhat between 1956 and 1974 with
further settling and compaction from the weight of overlying solids. The amount of sludge
added since-the end of the T-Plant cascade activity probably is negligible, because the
transfer history of the tank was so limited. Floating suction pumps do not transfer solids
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readily, and the movement of more than 950,000 L (250,00O gal) of solids in a quarr
seems unlikely. However, the reported solids measurement in the fourth quarter of 1956
[1.93 million L (510,000 gal)] and the reported solids measurement at the end of the tank's
active service life in 1980 [1.85 million L (488,000 gal)] appears to be reasonable, a
4.5 percent difference- given the time and compaction processes ongoing in the-tank,-and the
inherent uncertainties associated-with earlysolids measurements in the tank farms.

2.3 PROCESS KNOWLEDGE

Process knowledge obtained from historical records can be used to predict the major
constituents and some general physical properties of the waste matrix in the tanks.
Tank 241-T-111 is expected to contain relatively soft sludge, which can be push-mode
sampled. During Jts opera.ing histry, tank 241-T-11 1 was never subject to any of the
various waste volume reduction or in-tank solidification processes. Consequently, there was
no formation of hard salt cake on top of the sludge, as there was in the BY or TX Tank
Farms (Anderson 1990). This expectation was supported by inspection of in-tank
photographs that indicated a moist and pliant waste surface (see Figures 2-3 and 2-4). The
effluents that were added to the tank during waste management operations were slurries
consisting primarily of water (Schneider 1951). There was no mixing equipment in
tank 241-T-Ill to blend the layers of settled solids together and there were distinct
differences in the composition of wastes directed to it over its operating life. Agnew (1994)
predicts that 2C and 224 wastes are not identical in makeup, and analytically observable
variations in composition are expected. Because of the lack of agitation or mixing in the
tank, observable evidence of layering is expected in some of the segment-leve-analytical
results.

Previous analytical data on tank 241-T- 11 is scant. The results of some liquid samples
taken in 1974 are provided in Appendix C. Because the tank has been pumped several times
sinetho-se-samples were taken, they are not considered representative of the present waste
matrix. The lower solids in tank 241-B-1 10 should be similar to the lower solids in
tank 241-T-1 11 (Borsheim 1994). Both tanks were filled at least twice with 2C.
Tank 241-B 110 was -the fiS-tank in-the B-Plant 2C cascade while tank 241-T-11I was the
sec-end tank in-the T-Plant 2C cascade. Further studies and comparisons of tank
compositions will be forthcoming, pending additional analytical information on the various
waste types and matrices that exist in the tank farms. The solids from the neutralized
solution would have settled out in the tanks while the supernatant was disposed to cribs. The
upper solids of tank 241-T- 11 should have some similarity to the B and T 200-series tanks,
because they all received 224 waste.

The estimated composition of neutralized 2C and 224 waste streams (i.e. unsettled) are given
in Table 2-1 as determined from-Schneiderl 1951), The Schneider (-95-1) process stream
compositions are for the unsettled wastes being transferred from the separations plants. The
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241-nT-1l Surveillance Photo - Collage.

Ct

'Ct

- a.

AefR,
I

01w

0
C

CD

I i
4A

2-7

all rp -.

=0

Ct

'4
I

z

N



WHC-EP-0806

This page intentionally left blank.

2-8



r
1l A

00
CD
0C;



WHC-EP-0806

This page intentionally left blank.

2-10



WHC-EP-0806

estimates using Agnew (1994)provideinsight to the analyte-cinnrentrations of the settled
sludge. How the waste settled, the solids content of the settled waste, and how it affected
the waste inventory of the tank will be discussed further in Section 6.

Table 2-1. -Typical Waste Stream Compositions-nd-Expected Sludge Compositions for
Selected Analytes (Wet Basis).
Settled 2C BiPO4

Unsettled 2C waste, Unsettled Settled BiPO4-LaF3Analyte BiPO4 wast- (Agnew 1994) BiPO4-LaF3 224 -224 process waste
YYv(rAe 144-1951 nrnreqi wnqte

(Schneider-95) M I) '2L% 14 r-------(gnw194and 1951-1956 (Schneider 1951) (Agnew 1994)
compositions

Cation I Wt % (glg) t % (Jug/g) i Wt % (ug/g) Wt % (pg/g)
Bi 10.12 1,200 2.55 25,500 0.11 1.100 2.07 20,690

Cr . V 0. 033 33 0.016 160 0.0035 35
Ma' 3.5 35,000 6.46 64,600 3.39 33,900 8.50 85,000

NH4** 0.16 1,600 - - 0.011 110 - -

Ire a L 1f0 17 79N0- 0 0
Mn - 0 0 0.031 310 0.019 190
K - - 0 0 0.79 7,900 0.779 7,790
La - 0 0- 0.05 5Z___ 2.M7 26,7

Anions

P04 2.2 22,000 5.63 56,300 0.28 2,800 1.25 12,500
57 - ,4 7 6 A,7v V0.032 320 0 0

N0 5.8 158,000 4.28 42,800 3.91 39,100 6.16 61,600
S0. 4940 0.52 -,200 4.66 46,600

0.35 3,500 - - 4,-u-
- 0.12 1,200 1.52 15,200

2 87.3 / 873, W 76.0 760,000 .75 907,500 69.0 689,600
*Analytes listed in italics are mostly soluble.

**NH 4
t probably has dissipated over time and is believed to be no longer present.
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2.4 SURVEILLANCE DATA

The most- recent waste . sentory measurement for tank 241-T-111 reports approximately
1.73 million L (456,000 gal) of solid waste with an estimated 193,000 L (51,000 gal) of
drainable liquids (Hanlon 1994). The most recent surveillance data shows a discernable
downward trend over the past 18 months, nearly a 3.8 cm drop in surface level, after a very
long, gradual, but minor upward trend over the last ten years (see Figure 2-5). This recent
behavior possibly indicates further settling, or leaking has taken place. These figures
translate to a waste depth of 408.9 cm (161.1 in.) underneath the riser and 440.2 cm
(173.3 in.) at the tank centerline. The tank has not been fully interim stabilized yet, and is
an assumed leaker. The recent waste temperature in tank 241-T-l 11, taken from a
thermocouple tree is approximately 16 'C (60.5 *F) (Rios 1994), and the estimated heat load
in the tank is less than 2.93 kW (10,000 Btu/hr).

2.5 TANK STATUS

Tank 241-T-111 was a non-watch-list-SST, with no historical indication of any potential
safety issue. However, during the review of the energetics data that was done in support of
characterization, exotherms in excess of -125 cal/dry gram of waste were noticed in the top
3 segments of core 31 and the top 2 segments of core 33. Additional follow-up work has
been done confirming the initial observation and as a result, 241-T-1 11 has been added to the
Organic Tank Watch List (Wicks 1994). The exotherms were not predicted from the process
history of the tank and the known characteristics of the 2C and 224 waste streams disposed
there.
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3.0 TANK SAMPLING OVERVIEW

3.1 DESCRIPTION OF SAMPLING EVENT

Tank 241-T-i ii was push-mode core sampled through three risers during a period from
October 22 1991 to November 7, 1991, The core samples were obtained using a specially
designed core sampling truck. Access to the interior of the tank is provided by various tank
risers. Risers are pipes of various diameters leading into the tank dome from the ground.
The riser configuration for tank 241T-111 is given in Figure- 3-1. A review of the tank
farm operating records and a field inspection of the tank risers determine which risers can be
used in the sampling operation, -During sampling, a riser is opened and the truck is
positioned over the riser. The sampler is lowered into the tank through the drill string and
pushed into the waste. Further information regarding the core sampling operation can be
found-in Tank Farm Operating Procedure-(Ross-1993). Nine segments were expected from
each core sample. Each segment is approximately 48 cm (19 in) long. Core 31 was
obtained from riser 6 on October 22, 1991. Core 32 was obtained from riser 2 from
October 24, 1091 to October 25, 1991. Core 33 was obtained from riser 3 on November 5,
1991 to November 7, 1991.

The sampler is-constructed of stainless-steel and is 48 cm (19 in) long, with a 2.2-cm
(7/8-in) inside diameter, and has a volume of 187 mL (0,05 gal). A hydrostatic fluid of
normal paraffin hydrocarbons, similar to kerosene, was used in establishing a head balance
while taking these cores. Objections involving sample degradation and contamination have
been raised regarding the use of this fluid, and the practice has since been discontinued.
-However, for cores 31 and 33, nearly full recovery was achieved in every case. There were
little or no drainable liquids observed in the sample liners or in the samplers upon extrusion
of the samples, and although hydraulic permeability measurements were not taken as part of
the characterization effort,- thiewaste did not appear porous. Thus, sample contamination
from the hydrostatic fluid is not deemed to be a significant issue with the analysis of the
sample or the interpretation of the results.

The casks were transported to the 222-S Laboratory for characterization analysis. This
facility is operated by Westinghouse Hanford Company in the 200 West Area of the Hanford
Site. Further physical and radiochemical characterization was performed at the
325 Laboratory. Specific analyses aimed at identifying and resolving the unusual energetics
observed (Bean 1994) are also being done at 325 Laboratory. That facility is operated by
Battelle Pacific Northwest Laboratory (PNL), and is located in the 300 Area of the Hanford
Site.

Before the most recent stabilization effort, a series of liquid grab samples-were-taken and
analyzed to ensure waste compatibility with the tank receiving the 241-T-111 liquid waste.
These grabsamples were acquired using-a sampling-method known as "bottle-on-a-string," in
which a weighted bottle with a shuttered mouth is lowered into the liquid waste. The bottle's
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Figure 3-1. Tank 241 -T-1 11 Riser Configuration.
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mouth is opened, it fills with liquid, the mouth is closed, and the sample is retrieved and
transported to the 222-S Laboratory. Winters et al. (1990a and 1990b) has a more detailed
description of this sample method.

3.2 CHAIN OF CISTOTI

A chain-of-custody record was kept during the sampling event for each segment that was
sampled. The chain-of-custody form is a one-page record that is used to ensure that (1) the
sample is- safely and;roriy ur-sported from te. fid& to the laboratory, and (Z the -corre-t
personnel are involved in the sampling operation and transportation of the sample to the
laboratory.

One of the additional functions of the chain-of-custody record is to provide radiation survey
data. This is a record of the radiation dose that is emitted from the shipping cask. The dose
rates in mrem/hour are measured from the top, sides, and bottom of the cask. These values
are recorded on the chain-of-custody record and represent the radiation being emitted directly
from the sample. The last item recorded under the radiation survey data is thesinearable
contamination. -Smearable contamination represents the radiation from waste material that is
not sealed within the shipping cask; values greater than 100 mrem/hour are considered

-unsafe. -Measurements-are-made both in the field and in the laboratory. No smearable
contamination was found with these samples.

The chain-of-custody has several other important functions: (1) to provide a modest
description of the -cask, sampler, vand-the-expected-contents of the sampler (shipment, sample,
and cask serial numbers for the specific sampling event); (2) to provide summary information
about the analytical suite that the sample will undergo or reference the salient documentation;

-(-3) -to provide traceability for the sample during transport; and (4) to ensure sample integrity
on arrival at the laboratory. This information is provided to ensure that each sample can be
uniquely identified. A summary of the most pertinent data contained in the chain-of-custody
forms for the tank 241-T-l 11 samples is presented in Tables 3-1 and 3-2.

Copies of-the chain-of-custody forms-are available in the full data package and through
Hanford-Site Central Files. From inspection of the chain-of-custody records, there appear to
be irregulartie-in-the-sampling and transport of tank 241-T-1 1i samples. Valve failures
were observed in individual segments in all three core samples, and core 32 was considered
to be completely compromised and non-representative. Each segment was almost entirely
aqueous, containing at most a small amount of suspended solids. Liquid was also found in
some of the liners surrounding the samplers from core 32, and was assumed to be leakage
from the sampler. These irregularities merit a sampling concern, sample integrity concern,
and potentialsafetytconcern (i.e., sample conainment was compromised). However, the
double-containment strategy employed in the handling of the samples was successful in

-preventing any excessive radiological exposure to personnel and no material escaped
confinement. Further investigation and refinement of the sampling process, procedures, and
sampler design is in progress.
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Table 3-1. Core 31--Chain of Custody Summary.

Sample Core 31

Place Taken 241-T-111 Riser 6

Date Taken 10/22/91

Date Released 10/23/91

Time Released 9:35 P.M.

Sender D. C. Hartley

Receiver V. Johansen

Place Received 222-S Laboratory

Time Received 10:00 P.M.

Sample Number Smearable Contamination Dose Rate Through the
Drill String

91-090 (Segment 1) < DL alpha 4.5 mR/hr
<-DL beta-gamma

91-091 (Segment 2) < DL alpha 2.4 mR/hr
< DL beta-gamma

91-092 (Segment 3) < DL alpha 2.5 mR/hr
< DL beta-gamma

91-093 (Segment 4) < DL alpha 2.0 m
<DL beta-gamma

91-094 (Segment 5) < DL alpha 1.5 mR/hr
< DL beta-gamma

91-095 (Segment 6) < DL alpha 1.5 mR/hr
< DL beta-gamma

91-096 (Segment 7) < DL alpha 0.5 mR/hr
< DL beta-gamma

91-097 (Segment 8) < DL alpha 1.5 mR/hr
< DL beta-gamma

91-098 (Segment 9) < D-L alpha 0.3 mR/hr
< DL beta-gamma

< DL = below detection limit
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Table 3-2. Core 33--Chain of Custody Summary
Sample Core 33

Place-Taken j241-T-li-Riser 3
Dates Taken 11/5/91 to 11/6/91

Dates Released /6/91 to 11/7/91
Sender D. C. Hartley
Receiver V-Johansen

Place Received 1 222-S-laboratory

Times Received See ]a m.elm~,

Sample Number/ Date Released/ Smearable Dose Rate Through the Drill
Date Sampled Time Released/ Contamination String

lime Received
91-108 11/6/91 < DL alpha 3 mR/hr
(Segment 1) 10:10 - DL beta-gamma
11/5/91 10:55
91-109 11/6/91 < DL alpha 2.5 mR/hr
(Segment 2) 10:10 < DL beta-gamma
11/5/91 10:55

91-110 //< DL alpha 10 mR/hr
(Segment 3) 10:10 < DL beta-gamma
11/5/91 10:55
91-111 11/6/91 < DL alpha 5 mR/hr
(Segment 4) 14:10 < DL beta-gamma
11/5/91 14:30

91-112 11/6191 < DL alpha < 0.5 mR/hr
(Segment 5) 14:10 < DL beta-gamma
11/6/91 14:30
91-113 11/6/91 < DL alpha 2 mR/hr
(Segment 6) 114:10 " DL beta-gamma
1I1/6/91 14:30

91-114 11/7/91 < DL alpha 1.5 mR/hr
(Segment 7) 10:10 < DL beta-gamma
11/6/91 10:35
91-115 11/7/91 < DL alpha I mR/hr
(Segment 8) 10:10 < DL beta-gamma
11/6/91 10:35

91-116 11/7/91 < < DL alpha 1 mR/hr
(Segment 9) 10:10 < DL beta-gamma
11/6/91 10:35
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4.0-SAMPLE HANDLING AND -ANALYTICAL SCHEME

The primary objective for these waste analyses was to meet requirements of the Hanford
Federal Facility Agreement and Consent Order (Ecology et al. 1992, Ecology et al. 1994).
Two composites from each core were built and analyzed in accordance with the complete
baseline case core composite scenario detailed in WHC-EP-0210 (Winters et al. 1990a,
Winters et al. 1990b) and as amended by Hill et al. (1991). However, there are other
concerns and interests for this data. First, this information will help to evaluate whether
constituent concentrations are within safe operating limits by determining whether they are
flammable or explosive. Second, analyte concentrations of interest to the various
Hanford-Site technical Programs can be determined.

Because tank 241-T-111 initially was identified as a non-watch-list tank, extensive analytical
measurements were not specified to resolve any previously identified safety concerns
associated with this tank. The analysis horizon for characterization was determined to be on
the core composite level with selected analyses being performed on a segment-level basis.
However, after the discovery of substantial exotherms in the top 100 cm (40 in) of the waste,
additional testing on a segment level basis was done on those samples exhibiting reactive
behavior. This additional testing, with an emphasis on providing resolution to the safety
issues raised by the presence of the exotherms in the waste isstilLunderway at the time of
the writing of this report. This report will be updated to reflect the new data or root causes
of the energetics when that information becomes available.

4.1 SAMPLE BREAKDOWN PROCEDURE

In order to obtain thesample the-sampler is shipped in a vertical position and removed from
the shipping cask directly into the hot cell. At this time, the sampler must be placed in the
horizontal position. The sample is then loaded into the mechanical extruder and removed by
pushing it out from the back of the sampler with a piston. In this case, the sampler is
pressed against a fixed piston, forcing the sample into the extrusion tray. If a full sample is
captured, the material nearest the valve will be from a deeper part of the tank. The material
near the piston 'j closer to the surface. The sample and any liquids are collected on a metal
tray. Next, the mass of the segment and the approximate length are recorded. From this
information, the gross bulk densities of the segments can be estimated until further physical
properties work is performed. The sample volume is determined by measuring the length of
the extruded sample using a linear unit volume of 9.85 mL/in, - Figure 4-1 illustrates how the
SST segment sarnpie was e truded. color photographs documenting the extrusions of each
of the segments from tank 241-T- l I were taken and are on file at the 222-S Laboratory.
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Figure 4-1. Typical Single-Shell Tank Segment Extrusion.

48cm Segment

Extrusion Tray
I

Sampler

29409011.1
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Several different styles of nomenclature presently are used for distinguishing core samples,
sample segments, and subsegments in the existing literature.Twoimajor
used in the documentation relating to core sampling in general. The first is designating the
segment with the last two digits of the calendar year (92-) and then numbering the segments
sequentially (-001, -002, etc.). This system resets itself every calendar year. The second
system distinguishes the tank, core, segment (and subsegment, if necessary), with segment 1
being the it the top of the core sample-and having-the number increase as a function of depth
in the tank so that segment 9 is at the~ottonof thelank in41-T-Ill. An example of this
namingprotocol for the second segment of the first core is 241-T-l I:Corel:-Segment 2.
rhere no tank identiflcation is given in this report, it is understood to mean tank 241-T-l 11.

4.2 TANK 241-T-111 CORE SAMPLE DESCRIPTION

The location of the risers, the-dishedbottom -of the tank-and safety margins in the sampling
protocol preclude obtaining samples from the entire waste depth in the tank. In addition, the
sampling protocol establishes that segments will be calculated from the bottom up. Thus,
depending on the waste depth, maximum recovery for the top segment from tank 241-T- 111
is not necessarily going to be a full 48-cm (19-in) segment. However, for cores 31 and 33,
sample recovery was excellent; overall recoveries were in excess of 80 percent. Segment
recoveries were based on the maximum recoverable volume for the segment regardless of
solid/liguid ratio. The core recoveries repo -d in the data package are determined based on
a visual-inspection of the sample length and apparent volume at the time the samples are
extruded Further study of the color photographs taken after extrusion can aid in clarifying a
rough sample volume. Tables 4-1 and 4-2 present the initial measurements and observations
regarding the core samples on extrusion, and an estimated range of the core recovery on a
volume basis for cores 31 and 33.

Although saiples for core 32 were taken from riser 2, the materials obtained at all levels
appeartd to be paiculate--auspe*ded in an aqueous solution, with slight traces of normal
paraffin-hydrocarbon contamination observed in a few samples. These samples did not
correspond to the observed conditions in the tank and were considered nonsepresentative.
The -tsul is of the core32 -sampling exercise-were attributed to sampler failure, and because
no acceptable samples were acquired, no assays _were performed. Therefore, no results for
core 32 Will be reported. Valve failures were reported routinely for all three core samples at
deeper positions in the tank. The full data package (McKinney et al. 1993) containing all of
the assay results is available from the Hanford-Site Central Files.

C:Paz .k &e- -'JcneraACnaraCtristics of tank 241-T-1 11 waste materials are as follows.

ery little drainable lquid was associated with these samples either in the liner
or i the extruder.

" Core samples generally were dark brown or black in color. The brown solids
were streaked through with grey/white material.
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Core Core recovery Total
number Segment Comments

(Riser 6)(Vol. basis) mass (g)(Riser 6)

31 1 27% 64.0 S.Aplr wa .neery empty; contained approximnnely s mL of biack/browc low vicoity solids. Apprtly
'umogancous.

31 2 80-100% 182.8 Sampler was alost coypleely rilkd wit solids. Ag.a..r te ri. is dau brow, oc black with a Fluid or
gel-like consislency, and appears In be homogeneous. A small oais of liner liquid was cbaved. The
liquid was observed o be two pha.e (NPH and aqueous phases).

31 3 95-100% 162.2 S"p'r was alot complte'r filled wit solids. The waste is art broom with. thick, viseous esisecy,
mid appe W. be completely homogeneous. I |

31 4 80- 100 % 153.5 Sampilerwas ahmu completely rile wit solids. The wa.ee it daii brown with a thick, vicms co.sistency,
sid appear. to be compktely homoggneoms. The "np eighth covaied waste material that ppeard to be more
fluid than the rest of the sampe. N9 sapler liquid or liner liquid was observed.

31 5 100% 190.9 Simil.r lopeviu. observaions;no sampler or iner liquid.

31 6 0% NA samplr cpay

31 7 90- 00% 186.4 saplerwas compleely filled wit solids. The waste is de't' bow, wita tick. viscous csailmecy,
and .ppe to be completly hooogeneoo.

31 8 :100% 186.4 Similar o previous observatic.; o sampler or liner Liquid.

31 9 I00 % 203.1 Sa'ple w" a '" homogeneous. sample b a, as befo e (disk I ad viscos), bt gr"du'lly' be"e"' '
lighter as a function of depth. Sampke was divided into two porti., a light end (133.4 g) and a dark cad
(69.7 g). Consistency of the sample cmained the same dhmrughouS.

0

00
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Core -
Core recovery Total mass Commentsnumber Segment .Cmet

(Vol. basis) (g)(Riser 3)

33 1 100% 159.16 San '. was ful of blac&Mrown lo. viacosity .dltid. App.rntl hwargmeca., with o drai.able H
liquid.

33 2 100% 207.59 Stmpler wa. coipIcfy illed withsolids. Again, the m.earial is dait brown or black with. .)
viscous conistiency, and prean In be hnogcarcou.

33 3 87-100% 167.9 Sampler was nearly filled wirth lide. Thwas is dark bown with a thk, viscoos consitey,
and appear. to be ecnplelle.y hnogncou..

33 4 75-85% 182.05 S.mplerwas75-s5% illd wsolid. Thewa isidak ownwitha tick, vi.ous
cons i:stency, and appears ko, be completely bonogenaous. The valve was observed to be open prio
to extrusion. No sampler lquid or liner liquid was observed.

33 5 88% 174.3 Sinilar to previousobscrytn.. he' 've .wasobserved ope., the amper ad approxua.ly IS W
solids, and no drainable or liner liquid was scea.

33 6 100% 217.37 Sampler was almo. complely filled .th solid. 1the waste is dark brcwk with a thick, viacous
consisteccy, and appears to be completely homogeneous.

33 7 100% 196.91 Sampler was aon cosplcuy rdod with solid.. The wate is dot bwi wita thick, viscous U
consistency, and appears to be cornpietely homogeneu.

0

33 8 100% 199.8 Similar to previous observaLious. No sapler or liner Iquid.

0
33 9 100% 191.01 Samp " was "c bonog"'esem". Saimple bega" a before (dark brown and viscs) but"gr"du" =

became lighter in color a . function of depth, similar to core 31. Aliqud*s firo the light .nd dark E6
portions were taken for VOA and energetics analyses. Conuasency of the sample ronatied the 9:
samie throig bots.

C),

C)1
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. The samples had a viscous or gel-like consistency. They were thick, relatively
smooth sludges (swamp mud was the descriptive term used by the hot-cell

----abserver). - The core materials all appeared to be saturated with liquid, which did
not drain.

4.3_ HOLD TIME CONSIDERATIONS

All analytes have a predetermined maximum allowable holding time set by the Environmental
Protection Agency (EPA 1986), during which the analysis should be completed. Completion
of analysis during the maximum allowable holding time enhances the regulatory defensibility
of the data. The length of the holding time varies for each analyte. For example, analyses
performed on volatile and semivolatile organic compounds, many of which decompose or

-dissipate-quickly, have shorter holding times. On the other hand, persistent analytes such as
metals (except mercury), do not readily decomposnr dissipateand therefore have much

Jonger acceptable holding times. Nearly all of the analyses of cores 31 and 33 exceeded
their respective maximum allowable holding times. The only analyses that came close to
meeting holding-time criteria were radiochemistry and metal analyses. Both of these
analyses were completed about six months after sampling, and six months is the maximum
hold time for these analyses. Although exceeding the maximum allowable holding times
weakens the defensibility of the analytical results for some uses, it is anticipated that the
overall-effect on the analytical results for tank 241-T-111 waste relative to waste management
and disposal information needs is minimal. Further discussion of holding times can be found
in Winters et al. (1990a).

4.4 SAMPLE PREPARATION

Sample preparation procedures are conducted in order to optimize the recovery of each
analyte of interest from the tank waste. Water digestion, acid digestion, and potassium
hydroxide fusion commonly are used to extract metals and several radioisotopes from solid
samples, and in some cases digestions are performed on liquid samples to improve analytical
resolution. Many separations are specific to a particular analysis and are described within
the corresponding analytical methods referenced in Section 4.5. In order to verify analyte
recoveries resulting from-separation techniques, laboratory control samples, carriers, spikes,
tracers, and surrogates are analyzed concurrently with the characterization samnies.

In-some-cases no sample preparation is necessary or desired. Direct analyses are assays
performed on the sample matrix with little or no sample preparation. Several direct analyses
were performed relating to the physical or energetic properties of the waste: density,
thermogravimetriC-analysis (TGA), differential scanning calorimetry (DSC), and gravimetric
weight percent water.
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Water !each (or water digestion) analyses are assays performed after the sample matrix has
been digested in distilled/deionized water. The water is then analyzed for soluble analytes.
The soluble anions are determined by ion chromatography (IC). The primary anions
analyzed in this manner are-fluoride, chloride- nitrate,-nitrite,-phosphate, and sulfate. in
addition, free cyanide and pH were also analyzed from water-digestion sample-& Note that
IC assays use a 1 to 100 sample to water digestion, where pH measurements use a 1 to I
sample to water ratio. Selected radionuclides were measured on some of the water digestion
samples to determine the type and number of water soluble radionuclides. Inductively
coupled plasma-atomic emission spectroscopy (ICP) and atomic absorption (AA) spectroscopy
were also performed on some of the water digestion samples. These assays were performed
to determine the amount of soluble metal cations (ICP) or arsenic, mercury, or
selenium (AA). In many cases, these analytes were below the detection limits in the water
digestion samples, suggesting that most of the analytes are not water soluble.

Acid digestion is a preparation method in which the sample s dissolved in a-mixture-of nitric
and hydrochloric acids. This preparation brings most of the insoluble metals into a solution
with a minimum amount of dilution,_and usually-is best for-the detection of trace and some
major metals.- These properties are the reason-that-acid digestion generally is used as the
sample preparation for the homogenization tests in SW-846-based environmental sampling.
However, experience with Hanford-Site tank-waste matrices has shown that acid digestion
does not always provide complete solubilization, and that a more rigorous dissolution
preparation, such as fusion, may be necessary to get adequate quantitation. The analyses
performed on this preparation wee thel-IC-P, gamma energy-analysis (GEA), and AA analysis
(theAAanalysis used nitric acid only). IC analysis was not performed with the acid
digestion preparation solution because that method introduces additional Cr or NO anions,
confounding the results for that sample.

Analyses that were performed on fusion-prepared samples were ICP and GEA for
radionuclides. Fusion dissolution analyses are assays performed on the sample matrix after it
has been fused with potassium hydroxide in a nickel crucible and dissolved in acid. This
preparation dissolves the entire sample, whereas other sample preparation procedures may
not completely dissolve the sample matrix. However, one significant disadvantage of fusion
preparation is that large amounts of-potassium hydroxide are required to bring a sample into
solution. Because of this high dilution factor, trace elements are less likely to be quantified
correctly, if they are detected at all. Another limitation of the preparation method is if the
sample contains substantial quantities of potassium or nickel, these analytes will not be
quantifiable because the procedure uses potassium hydroxide and a nickel crucible. This
limitation can be overcome using alternate preparation methods if potassium or nickel are
-analytes-critical to interpretation of the data. Elements that-occur in abundance, such as
major metals, or that are highly insoluble are likely to be detected better by the fusion results
than by any other sample preparation.

Generally, fusion dissolution is the preferred method of analyzing radionuclide content, with
the exception of 14C, 1'9, and 'H (tritiuM). However, the sample preparation specified in the
test instructions for "C (water digestion) probably is not best for the high-level waste
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matrices. Difficulty with dissolving the sample with a water leach, and volatility associated
with a fusion preparation, potentially will bias the "C results low for both sample preparation
types if they are associated with the water insoluble solid materials, and similar difficulties
aIL UUCountered for the ter radionuclides mentioned. However, none of these anailytes are
expected to be significant contributors to the radionuclide content of the waste.

Major-metal components that were-detected-well-with fusion ICP analysis for tank 241-T-ll1
were calcium, chromium, iron, manganese, sodium, bismuth, and lanthanum. Phosphorous,
sulfur, and silicon are non-metallic analytes detected by ICP. In the case of these elements,
the fusion result is the preferred method of analysis because it is believed to provide more
complete dissolution of the waste, and therefore, more complete quantitation of the analytes.
Comparisons-of these results with the IC results can provide insight to the solubility
characteristics of the waste. Some of the primary radionuclides that are measured using this
sample preparation are 2'Np, 239/240pu, "Sr, "7Cs, and "Tc. A total alpha and total beta
count were performed on the fusion dissolution samples as well.

As previously noted, chemical and radiological analyses were done largely on core
composites, and in these previous characterization efforts, the core composites were built
using quantities of segments based on a proportion of the total weight of sample for the core
(Winters et al. 1990a, Winters et al. 1990b). This method assumed that the sample obtained
is representative _f what is in the tank. However, when partially filled segments are
obtained, this procedure assumes that the tank does not contain any waste in this area.
Incomplete recovery for a segment probably is the result of sampling problems rather than
voids in the waste. The approach used in this analysis effort was to composite equal
quantities of the homogenized segment material and assume that whatever is obtained in a
partial svgnr. i- representatrve of a wuiole segment. Some inaccuracies may be introduced
from this method because of density differences between segments. However, the
inaccuracies introduced from density differences probably are small. In general, those
deviations are minimal compared to the other errors inherent in core sampling and analysis.
If full segments are obtained for the entire core, and the homogenization procedure is
satisfactory, there will be little difference between the two approaches.

4.5 ANALYTICAL METHODS

This section briefly describes the analyses used to characterize the waste in tank 241-T-l11.
The analyses were split between the Westinghouse 222-S Laboratory and PNL. Several of
the analytical tests performed on the composites were also performed on the segments, but on
a much more limited scope. There were no free liquids from cores 31 and 33, thus there are
no separate liquid core composite results. However, in March-l994, a series of-liquid grab
samples were taken and analyzed for compatibility considerations (Carothers et al. 1994)
before the start of stabilization. These results will be presented with the water digestion
results and comparisons and conclusions will be made.
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4.5.1 Physical and Rheologcal Ts'

Physical tests completed at the 222-S Laboratory included particle size analysis, TGA, DSC,
specificgravity, and percent water analyses Duplicates -were-performed for the percent
water analyses. -The-physical-proaerties-neasured at PNL included weight percent solids,
settling behavior, and weight percent dissolved solids. Rheological testing on these samples
wert performed at PNL and included-shear-strength and-shear-stress as a function of shear
rate. Rheological properties were measured in duplicate. Table 4-3 lists the analytical
nethods used for physical and rheological testing. Three segments from Core 31
(segments 2, 4, and 8) were selected to perform the full suite of rheological and physical
measurements, in addition to the particle size assay done on each segment. Viscosity,
settling properties, fluid behavior, and shear strength were some of the primary
characteristics investigated. The samples tested for these properties were not homogenized
befOre andyMis.q

Table 4-3. Analytical Methods for Physical and
Rheological Testing.

Scanning TGA and DSC are useful in determining the thermal stability or reactivity of a
material. TGA measures the mass of a sample while the temperature of the sample is
increased at a constant rate. In DSC analysis, the heat absorbed/evolved over and above the
usual heat capacity of the substance is measured while the substance is exposed to a linear
increase in temperature. The gravimetric weight percent water was determined by drying the
sample for 12 to 24 hours in an oven at 103 to 105 *C and measuring the difference in the
-we Qht of the sample,

4-9

Analyte Procedure

Particle size T044-A-01712F

Thermogravimetric analysis LA-560-112

tiu:erenuia scanning LA-514-113
calorimetry

fsPecifc gravity LA-510-112

Percent water -A-4-0

Rheology PNL-ALO-501
PNL-ALO-502

Physical properties N/A
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4.5.2 Chemical and Radionuclide Constituent Analysis

Most of the chemical and radionuclide analyses were performed at the 222-S Laboratory.
The uranium and plutonium isotopic analyses, however, were performed at PNL. Duplicate
analyses were performed on every tank sample. Table 4-4 lists the analytical methods used
(Winters et al. 1990a, Winters et al. 1990b).

Sample Homogenization

The segment and core composite samples were homogenized using a mechanical mixer
before analysis. This was done so that aliquots removed for analysis would be representative
of the entire segment or core composite. Aliquots of the homogenized tank waste from
core 33, segments 1, 3, 5, 7, and 9, were taken to determine the efficacy of the
homnogenization procedure. The samples were split into duplicates, acid digested, and
assayed by ICP and GEA. -This procedure is done to determine if the degree of mixing
achieved by the as-planned homogenization procedure was sufficient to achieve sample
homogeneity. Since the homogenization samples are evaluated concurrently or after the other
core samples, the results provide only an estimate of subsampling error (or variation). They
were not used in this case to ensure that homogenization was achieved before analysis.
However, after review of the results, it appears that homogenization of the samples was
satisfactory.

4.5.3 Organic Constituent Analyses

All organic analyses of the samples from tank 241-T-l 11 were performed at PNL. An EPA
contract-laboratory-procedure-type organics-speciation analysis was performed on the core
composites. No levels of organic compounds above the contract required quantitation limit
were found in any of the samples, and they were not expected to contribute to the sample
matrix. The organic analyses performed were volatile organic analyses, semi-volatile organic
analyses, total organic halides, and extractable organic halides. Duplicates were performed
for all of these analyses. Table 4-5 lists the analyses and procedure numbers.

At the 222-S Laboratory, the initial total organic carbon assays were done using a furnace
oxidation procedure of a water digested sample. At PNL, the total organic carbon content
for the solids was determined using the hot persulfate method. That method dissolves a
sample in a 90 *C+ sulfuric acid solution to liberate inorganic carbon (carbonate). K2 S20s
is then added, and organic carbon-is converted to CO2, which is measured coulometrically.
As stated in the ExecutiveSumnary," these methods did not provide satisfactory results for
the tank 241-T- 111 waste samples. Later, furnace oxidation tests done at PNL gave results
much higher than those from the 222-S Laboratory and more in line with the observed
exothermic activity.
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Table 4-4. Analytical Methods-far-Chemical -and Radionuclide Analyses.

Analyte Method Procedure number

Hg Cold vapor atomic absorption LA-325-102

C NO NO2 , P0 S0-- -Ion chromatography - LA-533-105

CN- Distillation/spectrometric LA-695-101
analysis LA-695-102

U Laser fluorimetry LA-925-106
Total Alpha Proportional counting LA-508-101

Total Beta

238PU, 2 3 Am Alpha spectrometry LA-503-156

2 7Np Alpha proportional counting LA-933-141

Total Cations Inductively coupled plasma LA-505-151

"Sr Beta proportional counting LA-220-101

"Tc Liquid scintillation LA-438-101
79Se LA-365-132
"C LA-348-104

LA-218-114

2Low energy gamma analysis LA-378-104
9Ni PNL-ALO-464

63Ni Liquid scintillation PNL-ALO-474
154;_ 155E _ '37,-, 6O 

T- 1u-~t 1 4  - Am, -59 Co Uamma energy-analysis-e LA-54-2

Nkr Spectrophotometry L A-645-001

H+ -p -LA-212-103

As Graphite furnace atomic PNL-ALO-214
Se absorption PNL-ALO-215

-PcFusion PNL-ALO-423
mass spectrometry - - -PNL-MA-597

U Isotopic Mass spectrometry PNL-MA-597
uranium laser PNL-ALO-445

toc Total organic carbon LA-344-105
PNL-ALO-380
PNL-ALO-381

C03/C Total inorganic carbon LA-622-102
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Table 4-5. Analytical Methods For Organic Analytes.

-Analysis -Method Procedure Number

Volatile organic analysis Gas chromatography/mass PNL-ALO-335
spectrometry

Semi-volatile organic analysis Gas chromatography/mass PNL-ALO-345
spectrometry

Extractable organic halides Microcoulornetric titration - - - PNL-ALO-320.2

Total organic halides Microcoulometric titration PNL-ALO-321

4.5.4 Segment-Level Analyses

The objectives of segment-level analyses are to provide (1) information as-a funetion--f-depth
pertaining to the overall waste energetics (water content and chemical reactivity) and (2) the
particle size distribution and other general rheological information. To accomplish these
goals, the limited suite of analyses listed in Table 4-6 were performed on each homogenized
segment. These analyses were conducted using the analytical procedures identified in
Tables 15-1 and 15-2 of WHC-EP-0210, Rev. 3 (Hill et al. 1991). In addition, where
appropriate, the information obtained from the segment-level homogenization tests will be
used to enhance the interpretation of the data.

Table 4-6. Segment-Level Analysis.

Direct Acid dissolution*

Thermogravimetric analysis Inductively coupled lAsm1

differential scanning calorimetry (metals)
Wt% H20 gamma energy analysis (1"Cs)

particle size** total alpha

*Acid dissolution assays were performed on
segments.

**Particle size was done on non-homogenized

the homogenization test

segment material.
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5.0 ANALYTICAL RESULTS: TANK 241-T-111

5.1 CHEMICAL ANALYSES

5.1.1 Analytical Results: Inductively Coupled
Plasma-Atomic Emission Spectroscopy

Online inter-element corrections were performed for matrix interferences. The ICP has a
built-in correction capability to adjust for moderate matrix interferences; however, there may
be performance degradation on samples containing weight-percent quantities of iron,
aluminum, or uranium. Corrections were made for moderate levels of aluminum, calcium,
chromium, and magnesium in the samples. Corrections were made for high iron
concentrations as well. Process or preparation blank values have not been subtracted from
the-results. Ja the- water-digestion-andliquid grab sample assays,- the Single most -prevalent
Clement is sodium by at least an order of magnitude. Relative percent differences (RPDs) for
water digestionresults were high for some analytes (i.e. above the 20 percent acceptance
criteria), but-there was no consistent trend observed between cores-31 and-33.

In the fusion assays, some elements can appear to be at high concentrations because of the
large dilution factors required for fusion samples. These high dilution factors propagate
errors. Those analytes actually may be present only in concentrations marginally above the
detection limit. For several analytes, higher quantitation was found in the acid digestion
results. For purposes of determining inventories and making comparisons, the highest
reliable average analytical result will be used between acid and fusion preparations.

In reviewing the data, a subtle bias or gradient was observed between the results for cores 31
and 33,with core 31 having slightly higher values overall-than core 33. Although not
readily discernable among the first tier analytes (sodium, bismuth, iron, and phosphorus), the
difference between cores 31 and 33 is more evident in the second tier analytes (aluminum,
lead, and magnesium). The RPDs between the individual core composite samples and their
replicates were small, suggesting that the gradient is real and not an analytical artifact,
however, this observation could be the result of the compositing procedure. There were nine

- segments used in the core 33 composites, but only eight segments in the core 31 composites
msgent 6was-absent n-core 31). FuHermore, sample variability may contribute or be

whuhly iespiisible for the observed difference.

RPD Aor most-elements were within the 2 0 -percent acceptance criteria for acid and fusion
results, and generally were less-than 1 percent for the major analytes. Potential sample
contamination for boron and silicon exists because of the caustic nature of the samples and
the glass vials used to store the samples in the laboratory; however, silicon routinely
demonstrated a low bias. Calcium and magnesium for blank and spike recovery results may
have been biased-high by the powder used on the analysts' gloves when performing the
assays. With the small sample sizes used in the assay, even trace amounts of powder have
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the potential to impact the analyses. Low spike recoveries were noted for several analytes
for differing reasons. Silver recovenes are commonly low because of the precipitation of
silver chloride in the sample digestion. Poor spike recoveries of iron, magnesium, and
calcium accompany high preparation blank results, but the overall correlation is poor. Spike
failures frequently are noted for major elements when the spike concentration is insignificant
compared to the analyte concentration in the waste matrix. Spike and standard results
outside the acceptance criteria for these analytes do not necessarily invalidate the sample
results for the ICP in general, or for those analytes in particular. Individual analyte failures
need to be evaluated on a case by case basis. All of these behaviors could affect, and are
considered in the interpretation of the results.

T udtctiOn limiL ir each analyte is provided for comparison with the results to aid in
interpretation. All ICP analytes are reported in the data tables; however, those consistently
contributing significant (Le generally-greater than approximately 0.2 weight percent) amounts
'ta-the compotn of-the Iat- miatIX generally are relevant to bulk characterization. The
fusion/acid ratio, which can be compared in the table, for most analytes indicates near total
dissolution for the acid digestion assay. Average values for the analytes are reported to three
significant figures. The full range of ICP analytical results can be found in the full data
packages (McKinney et al. 1993). All reported concentration values are based on grams of
wet sample, unless otherwise specified. Table 5-1 provides ICP analyte concentration
information on the core composite das a function of the sample preparation. Table 5-2
provides ICP analyte concentrations as a function of depth for Core 33. Table 5-3 compares
the water digestion core composite ICP values with the results from the grab sample.

Core 31

The most significant analytes measured by the water digestion of the core composite were
sodium and phosphorous (probably as a soluble phosphate), and sulfur (probably as a soluble
sulfate). Much smaller amounts of iron, chromium, and silicon also were measured. RPDs
were elevated for these samples (between 10 and 20 percent), but were generally within the
20-percent-acceptance criteria. For analytes with results outside the acceptance criteria, no
clear trend between the two composites can be established. The water digestion result for
core 31, composite I had several analytes with high RPDs, many of which are significant
contributors to the waste: iron, lead, manganese, silver, bismuth, lanthanum, and strontium.
_Core 31,composite 2 had few analytes with results outside the acceptance criteria: barium,
calcium, lead, and vanadium. All of the analytes noted are largely insoluble and that
characteristic probably is contributing to the observed variability.

The results from the acid digestion preparation of the core composite samples had sodium,
phosphorous, sulfur, calcium, chromium, iron, manganese, bismuth, and lanthanum as major
analytes. RPDs are very good in general for most of the major analytes (generally between 5
and 10 percent), well within the 20 percent acceptance criteria. Analytes outside the
acceptance criteria for core 31, composite 1 were antimony and boron (56 percent and
27 percent,-respectively). However, neither of those analytes are substantial contributors to
the waste matrix, and for analytes near the detection limit, reproducibility is not expected.
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Table 5-1. TCP Cations. (4 pages)
d- Ac-water Fusion Prep Core 31 Core 31 Core 33 Core 33

Analyte digestion digestion type comp. 1 comp. 2 comp. 1 comp. 2

Detection Detection Average Average Average Average
limit limit concentration concentration concentration concentration

(Ug/g) (4ig/) (pg/g) (jg/g) (pg/g) (pg/g)

Al 2.4 Water

Acid

6.71

584

10.3

705

15.5

47 2

11.0

4Z5

12.0 Fusion 644 693 484 459

17.7 Water 17.7 17.7 17.7 17.7

Acid 30.4 36.5 35.9 22.6

85.5 Fusion 88.6 88.3 109 88.4

As 3.0 Water 3.0 3.0 2.99 3.0

tAcid 3.15 2.92 3.45 3.06

3.3 GFAA' 3.3 3.3 3.3 3.2

15.0 15.0 15.0

Ba .3 Water 0.305 0.416 0,547 0.516

i I 57.0 -- 64.9 66.8 87.3

1.5 Fusion 58.8 60.6 65.4 73.7

Be 0.1 Water 0.10 0.10 0.10 0.10

Acid 0.105 0.097 0.117 0.104

0.5 Fusion 0.501 0.499 0.499 0.499

Cd 4 Water 0.40 0.40 0.4 0.4

Acid 7.22 7.86 4.4 3.72

2.0 Fusion 8.25 10.7 6.42 7.17

Ca _ 44 e 50. 61.6 66.4 67.5

Acid 2,200 2,480 1,490 1,350

2,760 2,660 2,220
. .... _ . .

Cr 0.9 Water

Acidi

209

1,860

229

1,840
-j

224

2,6n

2,050

211

2,140

4-5 Fusion 1,890 1,700 1,790 1,820

GFAA: Graphite furnace atomic absorption

5. -~
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Table 5-1. ICP Cations. (4 pages)

Analyte Acid-water Fusion Prep Core 31 Core 31 Core 33 Core 33
digestion digestion type comp. 1 comp. 2 comp. 1 comp. 2
Detection Detection Average Average Average Average

limit limit concentration concentration concentration concentration

(Ag/g) (pg/g)
W/Olg

0O Water 0.8

(Ag/g)

0.825

(u gig)

0.821
- t t I I

Acid 3.4 7.16 3.13

4.0 Puion 10.1 10.8 13.3 11.8

Cu .4 Water 0.4 0.4 0.4 0.4

Acid 25.2 79.6 16.4 13.0

2.0 Fusion 36.3 34.2 22.1 24.6

Fe 1.0 Water 79.6 140 132 159

- Acid -19,200 --- 20,000 - 17,500 -17,300
5.0 Fusion 20,500 19,600 15,900 16,100

Pb 6.2 Water 7.05 7.93 6.24 6.19
Acid 475 543 201 168

ig 0.3

31.0 Fusion 1 440 484
267 269- I I

Water 1 2.94 3.95 3.84

Acid 435 479 305 290
1.5 Fusi 438 443 268 272

Mn 0.2 Water 14.7 25.1 25.4 33.8
Acid 6,19Yu 6,140 6,710 6,280

1.0 Fusion 6.380 5,940 6,220 6,590

N 7 Water L7 17 1.7 L7
Acid 151 157 110 108

-~~ Msinn NR:~ R _ _ _ _ C
K 1. 2 Water 734 783 712 648

Acid 1,100 1,210 1,210 1,020J 56.0 Fusion NR NR NR NR

Se 7.6 Water 7.6 8.01 7.58 7.59

Acid 7.98 7.4 10.3 7.79
1.5 GFAA 1.5 1.5 1.5 1.5

38,0 Fusion 38.0 37.9 38.0 38.0

3.83

5-4

(pg/g)

0.8 0.825

2.91

267 269

3.8
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Table 5-1. ICP Cations. (4 pages)

Acid-water Fusion Prep Core 31 Core 31 Core 33 Core 33
An digestion digestion type comp. 1 comp. 2 camp. I camp. 2

Detection Detection Average Average Average Average
limit limit concentration concentration concentration concentration

1) g/) (pg/i) (pg/g) (ig/g) (jg/g)

Ag 0.5 Water 0.639 1.16 0.553 0.499

Acid 203 227 44.3 30

2.5 Fusion 214 221 39.5 37.1

Na 3.1 Water 34,000 35,000 30,800 32,000

A37d 7,600 38,700 35,000 36,300

15.5 Fusion 39,800 39,000 33,900 35,200

V 0.5 Water 0.5 0.707 0.5 .

- - AcidF 12.7 F 21.4 1 13.9 99

2.5 Fusion 12.1 16.5 15.3

imiin~; I
Zn 0.3 Water

Acid

0.3

79.4

0.3

101

0.3

44.2

14.7

0.3

35

1.5 Fusion 104 106 105 110

Bi 7.5 Water 115 191 231 270

Acid 23,600 23,300 28,500 28,400

.375 Fusion 20,900 20,100 26,500 26,700

B 0.6 Water 3.31 3.19 5.54 4.25

Acid 27.1 23.4 29.4 32.2

3.0 Fusion 3.0 2.99 4,84 414

Ce 10.1 Water 10.1 10.1 10.1 10.1

Acid 32.6 28.6 37.8 35.8

50.5 Fusion Co., 50.4 50.4 _50.4

8.52Water 6.02 13.8 15.8

Acid 3,720 3,620 4,640 4,890

7.0 -Fusion 3,690 3,410 4,510 4,810

P 5.8 Water 5,760 - ,9 - 5,300 --- 5,700

Acid 10,100 9,960 9,860 11,300
--- - - Fusion 11,600 11,100 9,070 9,910

Si 13 Wa 438 560 669 620

Acid 482 471 528 394

65 Fusion 5,960 5,840 5,460 5,410
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Table 5-1. ICP Cations. (4 pages)

Acid-water Fusion Prep Core 31 Core 31 Core 33 Core 33
Analyte digestion digestion type comp. 1 comp. 2 comp. 1 comp. 2

Detection Detection ----- Average------- Average---- -Average Average
limit limit concentration concentration concentration concentration

("g/g) (pg/g) (pg/g) (;Lg/g) (pg/g) (pg/g)

Sr 0.3 Water 1.21 2.13 2.18 2.34

Acid 282 280 305 334

1.5 Fusion 303 280 291 317

.7 1,190 1,200 1,060 -

Acid 1,230 1,260 1,140 1,220

a. Fusion 1,350 1,310 1,080 1,160

Sn 1.6 Water 1.6 1.6 1.6 1.6

Acid 4.21 2.44 1.81 1.61

8.0 Fusion 8.01 7.98 7.99 7.99

Ti 0.4 Water 0.4 0.4 0.4 0.4

Acid 29.4 33 8.9 6.46

2.0 Fusion 72.9 72.4 22.3 24.1

Zr NR Water 0.8 0.799 0.798 0.798

Acid 0.84 0.778 0.913 0.816

-- NR Fusion 4.00 3.99 4.00 4.00

Hg 0.125 NR CVAA2 1.59 1.83 1.20 1.08
NR= Not reported

Tank 241-T-l1 Core 33 ICP Selected Analyte
Function of Depth (Acid prep on segments).

Trending as a

2CVAA: Cold vapor atomic absorption

5-6

Table 5-2.

Segmet rar

-4,800 4 - 17,500- -23,9(x 240 22,400 760 3 4,400 380 800

3 1,100 1.200 11,700 3.800 70 25,800 24,200 3,900 4,800 430 720

5 1,300 2,000 16.100 2,800 90 32,100 33,400 5100 9,100 400 1.100

7 - io00 2,5A 8w 4,200 70 36.000 34,700 4,900 12,200 450 1.200

9 950 2,000 16.600 4,600 90 40.700 24,100 4,200 15,300 450 1,400
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Table 5-3. Grab Sample/Water Digestion Data--ICP Average Values.

--Grab sample avg 1  Core 31, Core 31, Core 33, Core 33,
Analyte concentration comp. 1 comp. 2 comp. 1 comp. 2

(na/a sample) (pg/g sample) (pg/g sample) (pg/g sample) (pg/g sample)

Ca < DL 51 62 66 68

Cr 230 210 230 220 210

Fe < DL 80 140 130 160

Ni <_ DL 15 25 25 34

Na 24,800 34,000 35,000 30,800 32,000

Bi < DL 120 190 230 270

La < DL 6 9 14 16

P 3,200 5,800 6,000 5,300 5,700

60 440 560 670 620

[S j750 1,200 1,200 1,100 1,10
< DL = below detection limit

This behavior is true in general foranalytes with these characteristics. The silicon RPD is
marginal at 19.26 percent, but accentable. For core 31, composite 2, cobalt, copper, silicon,
and tin were outside the acceptance criteria. Again, cobalt, copper, and tin were not
significant contributors to the waste, and thus have little influence on the interpretation of the
data. The only clear trend for this assay is for silicon. The variation observed for silicon
was attributed to the solubility of the waste matrix (i.e. the waste is not completely
solubilized by-the acid), and therefore, the fusion results will be reviewed to quantitate
silicon Based-on a ratio of the acid-and-water digestion results, most of the analytes are not
water soluble, except as noted earlier, however, approximately 10 percent of the chromium is
water soluble.

The results from the fusion preparation core composite had sodium, phosphorous, bismuth,
manganese, lanthanum, silicon, iron, calcium, and chromium as major analytes. Nickel was
derected in substantial quantities, but the results arc considered unreliable because of sample
contamination (the method uses a nickel crucible to perform the fusion), and nickel was not
detected in significant quantity-in the acid digestion assay. RPDs were quite low, generally
less than eight percent for most analytes, demonstrating excellent agreement. The only
analyte with an RPD outside the acceptance criteria for core 31, composite 1 was cadmium,
which is not a large contributor to the waste and is near the detection limit. The only
analytes with excessive RPDs for core 31, composite 2 were cadmium and nickel. Both of
these analytes have problems associated with them that make these results suspect for this test
method (proximity to the detection limit for--cadmium and cross-contamination from the
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crucible for nickel). Comparisons with the acid digestion results indicate that the samples
were well dissolved by the acid preparation, but in some cases, and with silicon especially,
the fusion dissolution was necessary to obtain reliable, quantitative results for the analyte.

Core 33

Sodium, phosphorus (probably as a soluble phosphate), and sulfur (probably as a soluble
sulfate) were the most significant analytes measured by the water digestion of the core
composite. Much smaller amounts of iron, chromium, and silicon were the other main
analytes. RPDs were elevated for these samples (between 10 and 20 percent), but generally
were within the 20 percent acceptance criteria. For analytes with results outside the
acceptance criteria, no clear trend between the two composites or between cores can be
established firmly, but there was some correspondence between the cores and their respective
composites (i.e. there was some agreement between cores 31 and 33 composite 1, etc.), but
the connection was quite tenuous. The water digestion result for core 33, composite 1 had
severl analytes with high RPDs, many of which are significant contributors to the waste.
These analytes are aluminum, barium, iron, manganese, bismuth, and lanthanum. For core
33, composite 2, only calcium and vanadium were outside the acceptance criteria. The
degree of variability observed for this particular sample preparation is not unexpected. Most
of these analytes probably are in a form that is not readily water soluble and, depending on
the sample matrix exposure to the solution media, substantial differences may be observed.

The results from the acid digestion preparation of the core composite samples are quite
similar to core 31. They had sodium, phosphorous, sulfur, calcium, chromium, iron,
manganese, bismuth, and lanthanum as major analytes, the RPDs decline significantly in
comparison to the water digestion results, both in the number of analytes outside the
acceptance criteria and the overall magnitude of the RPDs themselves. The RPDs are very
good in general for most of the major analytes (between 5 percent and 10 percent), well
within the 20 percent acceptance criteria. Analytes outside the acceptance criteria for
core 33, composite 1 were antimony and selenium (88.5 percent and 33.0 percent,
respectively). For core 33, composite 2, antimony and silicon were outside the acceptance
criteria (31.2 percent and 48.7 percent, respectively). Theresults for antimony and selenium
are not surprising. They are not far above their respective detection limits and neither is a
substantiaf contributor to the waste matrix. The silicon RPD result is not unexpected,
because the waste has solubility properties that make it resistant to acid digestion, making
this assay marginal at best. Based on a ratio of the acid and water digestion results, most of
the analytes are not water soluble, except as noted earlier; however, approximately 10
percent of the chromium is water soluble. In this case, for several analytes, some
consistency is seen between composite replicates and cores. As noted earlier, core 33 sample
results -are, -in several -cases, about 25 percent or more lower than core 31. Significant
changes in analyte concentration were observed in the ICP acid digestion results as a function
of depth for core 33. The results are shown in Table 5-2. The changes observed for some
analytes are notable, ranging from factors of 3 and 4 for calcium, chromium, and
phosphorous to orders of magnitude for manganese, bismuth, and lanthanum. These swings
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in concentration suggest the waste is heterogenous on a tank-wide scale and that the waste in
the tank is layered.

Propertes and major analytes for the fusion digestion results are similar to core 31, however
the differences observed between the analytical results of cores 31 and 33 become much less
consistent with this group of assay results._ RPDs were generally low, less than 12 percent,
with most analyte results substantially less than that. Antimony, calcium, and boron had
RPDs outside the acceptance criteria for core 31, composite 1. In core 33, composite 2,
cobalt and nickel, which are not large contributors to the waste, had RPDs outside the
acceptance level and antimony, boron, and cobalt are near their respective detection limits.
Sever 1ef-hese-analytes-have prouems-associated-with-ther that make these results suspect
forthis test-method. Howeverthe variation seen-for calcium is not expected and there is no
reason for its behavior. In this case, no consistency was observed between composites or
cores, except for nickel in cores-31 and 33; composite-2,-and the Aickel results for this test
method are susnect.

5.1.2 Analytical Results-Anion Assays

Core 31 Ion Chromatography Results:

Major anions detected are NO3 and POt, with smaller, but still substantial amounts of P
and S0 4

2 N te and chloride are minor contributors to the waste. Indeed, the IC results
for nitrite are considered an estimated result; however, the magnitude and range of
concentration is confirmed by a spectrophotometric analysis. All RPDs for quantitated
results are well within the 20 percent acceptance criteria, and generally are less than
10 percent. Comparisons of phosphorous and sulfur water-digestion ICP results with
ion-chromatography results for Pot and SOQ2 give good agreement (RPDs are less than
10 percent) and show that phosphorous is about 48 to 56 percent soluble (as phosphate) and
sulfur is about 90 to 100 percent soluble (as sulfate). Table 5-4 illustrates the comparison
between the water digestion ICP and IC results, and the relationship to the total amount of
phosphorous and sulfur in the matrix. Table 5-5 presents the summary results for the IC
analytes and other anions.

Core 33 Ion Chromatography Results:

Major analytes were the same as those found in core 31. RPDs for the minor analytes, F,
Cl-, and NO, were much higher in composite 1 than in composite 2, or in either of
core 3's composites, exceeding 15 percent, but within the-20percent acceptance criteria.
Core 33, composite 2 had superior RPDs, all were less than 8 percent. Comparison of the
phosphorous and sulfur water-digestion ICP results with IC for P0 4 ' and S042 gives good
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Table 5-4. Comparison of Ion Chromatography and Water Digestion ICP Results for
Selected Analytes.

PI) . pop- SO2 ao4 2 Po5Q -~2
Sample ID Concentration 4 Concentration RPD P0 y Sby

6,(a/01 RPD f,/g) RPD Solubility* Solubility*

- (C) (0CP.w) - (IC) -ICP.w) - - - C) (ICP.w) (IC) (ICP.w)

Core 31-Cl 16,200 17,300 6.7 3,690 3,570 -3.3 50.8 54.2 100.4 97.1

Core 31-C2 17,400 17,900 2.8 3,740 3,600 -3.7 54.5 56.1 101.8 97.9

Core 33-Cl 13,600 15,900 16.9 3,290 3,420 -3.3 42.6 49.8 89.5 93.1

Cire 1- 5 15;I00j-ii 13.2 3,470 3,660 -1.4 47.3 53.6 94.4 99.6

*Solubility is a ratio of the IC/ICP.w result to 31,900 pg/g P04
3- and

S04, the tank average of the converted fusion results
ICP.w = Notation for ICP water digestion result

3,675 yg/g

Table 5-5.- Anion Results-Composite-Data (water leach).

Detection Core 31 Core 33 Grab
Analyte limit sample

(g/g) ((g/g)

Composite 1 Composite 2 Composite I Composite 2 Average

NO3  100 44,300 43,800 36,900 40,100 30,300

P0 100 16,200 17,400 13,600 15,100 8,400

SO2 100. 3,6' 3,740 3,290 3,470 2,900

470 497 401 432 490

F 10 3,090 3,130 1,370 1,630 2,100

NO 50 952 525 878 817 1,320 (IC)
TOC 500 3,490- 3,990 2,000 3,000 420

CW 5 650 824 823 950 670

Free OH- NM NM NM NM NM 3,000
pH* NA 10.18 9.93 10.05 9.77 11.65

NH 3/ 4,500 < DL < DL < DL < DL 400
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Table 5-5. Anion Results--Composite Data (water leach).

Detection Core 31 Core 33 Grab
Analyte limit Cr1 Core sample

(gg(pgg) (pgg)(gg)

Composite 1 Composite 2 Composite 1 Composite 2 Average

Direct 5 < DL < DL < DL < DL < DL
Cyanide=

NM = No measurement NA = Not applicable
< DL = Below detection limit

Note: All IC results are obtained from a water leach preparation and are

*Direct Cyanide, NH 3/NH , pH, total organic carbon (TOC), and total
inorganic carbon (TIC) are not IC analyses, but are grouped with the anions for
convenience. NO2 results reported are from spectrophotometric methods. At

.the 222-S Laboatory TQCand TIC ssays were done on water digested
samples. When 325 performed segment level assays for these analytes, they did
them on direct solid samples.

agreement, however, phosphorous shows a higher, but still acceptable variability, with RPDs
of 13 to 17 percent, than sulfur as S0 4-, with RPDs of -1.4 to -3.3. Phosphorous is
approximately 50 percent soluble as phosphate, whereas sulfur as sulfate is almost entirely
soluble. Table 5-4 illustrates the comparison between the water digestion ICP and IC results,
and the relationship to the total amount of phosphorous and sulfur in the bulk tank matrix.
Note the ICP results are converted to phosphate and sulfate for comparison.

Core 31 and 33 Additional Anion Results:

. Nitrite, as determined from spectrophotometry, has good agreement between
composites and acceptable RPDs. Concentrations between cores are observed to
agree well also.

S- The pH of the solids is measured using a water dilution of a solids aliquot. The
pH of the mixture is measured and reported. The results for tank 241 -T- 111
waste from this method are consistent, ranging-from 9.8 to 10,5, but are of
limited -utility because the sample preparation and assays only marginally
represent the-condiuion sin tbeank. The pt- as aetermined from a grab sample
taken in 1994 (see Appendi- C) is-between f1l:5 and 11.8, and is considered
more reliable and more representative of the waste tank conditions.
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. Ammonia/ammonium results for the solids were all below the detection limit for
the method. This is not unexpected. Over time, ammonia probably was slowly
released to the-vapor space-and removed by passive ventilation. A small amount
of this analyte remains in the liquids, but the liquid is being removed.

. Total organic carbon (TOC) results indicate a substantial difference between
cores 31 and 33 (core 31's TOC concentration is 33 percent higher than
core 33's), but results for the individual core composites are very consistent.
Core 31 composite 1 and composite 2 RPDs are negligible. Core 33,
composite 1 and composite 2 RPDs are low, well within the acceptance criteria,
but noticeable.

. Total inorganic carbon (TIC) results were a factor of three to four times lower
than the TOC results and were near the detection limit. Therefore, they are not
considered wholly reliable, however the results did provide acceptable
reproducibility. TOC results are also considered questionable, especially when

-contrasted with the calorimetry results from segment-level data from both cores
(segments 1-3 particularly), and a furnace oxidation value of 4.1 weight percent
(dry), for core 33, segment 2 (Baldwin 1994).

The gradient observed in the ICP results remains noticeable for the anions, especially for
TOC and F, but the overall effect is much less pronounced. This effect is expected and
ascribed to the nature of the assay (i.e. water digestion assay results for soluble analytes in a
mostly water matrix are expected to be reasonably homogeneous). TOC and F probably are
present in insoluble forms, and thus are not as amenable to detection and are more likely to
exhibit variations in concentration.

5.2 ANALYTICAL RESULTS-RADIOCHEMISTRY

5.2.1 Radiochemistry Assays-General Comments

Analyses appear to be consistent. Total beta measurements calculated using 'Co detector
efficiencies are largely in agreement with the sum of the major beta emitters, 9tSrY and '"Cs
[i.e. beta emission values must be adjusted by 1.42 and 1.51, respectively, the ratio of 10SrY
and '3 Cs to 'Co detector efficiencies (Winters 1991)1. However, the total alpha v2l1pV
show only marginal agreement with the sum of the neptunium, plutonium, and
americium/curium values. This behavior was attributed to the low activity of the samples
and a-recently discovered equipment problem. Technicins at the 222-S Laboratory
identified an electronic problem witi their alpha detection system involving the degree of
discrimination between beta and alpha emissions. These two conditions are thought to
contribute to the observed high biasof the total alpha measurements. Detection and
quantitation of '"Cs and most other radionuclides was based on the presumed ability of the
fusion sample preparation to completely dissolve the waste. Water preparation samples were
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-done-on selected analytcs as directed in the test plan. GEA measurements show good
agreement with alpha energy analysis for 2Am. GEA analytical values are not corrected to
account for decay, however most of the radionuclides present are long-lived enough and low
enough in concentration so that any correction at this point would be modest.

5.2.2 Gamma Energy Analysis RsIlfts

The flEA-data-from the replicate samples of the core composites for cores 31 and 33
prepared by caustic fusion agree reasonably well with each other (RPDs generally were
within 10 percent). However, there is a discernable gradient between cores 31 and 33 for

7Cs. This follows the general pattern observed for several other analytes, but in this case
2 41Am-does-not appear to be affected. Review of the segment-level homogenization data for
core 33 indicates that in general, the '37Cs content is lowest in the bottom segments and
highest in the upper segments, increasing in concentration from bottom to top. This behavior
indicates that the 137Cs is concentrated in the upper portion of the tank. However, the overall
radionuclide content of tank 241-T-111 is extremely low. The "Eu and '"Eu content is
above the detection limits only in segments L and 3,suggesting that these isotopes are in the
upper portions of cores 31 and 33. However because of the limited segment level data, too
many conclusioris should not be drawn from these observations. Grab sample results for
31 Cs is more than a factor of four lower than those obtained from fusion assays, indicating

that the radionuclides, 'Cs in particular, are very insoluble. Agreement between the same
top and bottom aliquots in the homogenization check samples prepared by acid digestion
were very good for analytes above the detection limit, with RPDs generally less than
10 percent and- usually-much less than that, indicating sample homogeneity and/or relatively
complete disSo1ution.

5.2.3 Total Alpha Analysis and Uranium Assay

TotaLalpha, plutonium, 237Np, 24Am, and WCrm analyses were performed on the fusion
prepared samples of the core composites and selected assays were done on the liquid grab
sample. Total alpha measurements were also performed on the homogenization check
samples from segments 1, 3, 5, 7, and 9 from core 33. The total alpha activity was
determined by drying a small aliquot of prepared sample on a counting plate and assayed
with an alpha proportional counter. The plutonium and americium fractions were separated
by solvent extraction or ion exchange and :Imiiariy m--ntei.

The plutonium analyses are reported as total alpha -"'9'Pu. The process blank was two to
three orders of magnitude lower that the samples, indicating little contamination occurred
during sample preparation. The total alpha concentration frequently tends to be somewhat
lower than the sum of the individual alpha emitters. The difference is probably caused by
absorption by the salt residue on the counting mounts. However, in this case, substantial
u'iierences are observed -beween the total alpha measurements and the sum of the individual
alpha emitters. The total alpha emissions are believed to be lower than the measurement
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indicates because of a bias caused by beta emissions confounding the detector. The activity
of the samples is so low that the offset used to discriminate between alpha and beta plateaus
was not sufficient to provide accurate readings. Furthermore, analyses from PNL indicate a
potential low bias for plutonium in the samples. The degree of discrepancy ranges from over
a factor of two to nearly a factor of five. This degree of disagreement warrants further
attention. Isotope content was determined by thermal-ionization mass spectroscopy. Little
variation in the plutonium isotopic composition was observed between cores. Total alpha
measurements vary widely as a function of depth, but exhibit a general decreasing trend the
deeper the samples are in the waste. Segment 5 was an exception to this trend. The
anomalous total alpha reading in segment 5 may be indicative of a process upset or change in
waste management operations, such as the 5-6 waste that Anderson (1990) notes was
co-mingled with the 2C waste in 1952.

Uranium measurements were obtained from laser fluorimetry of the fusion-prepared sample
from the two core composites and their replicates. The assays show good agreement between
duplicates for each individual core composite, but there is not good agreement between the
core 31 and 33 replicates. Additionally, the gradient observed in the other assays is not
evident here, Furthermore, analyses from -PNL indicate-a potential low bias for uranium in
the samples. The degree of discrepancy is nearly a factor of two for corresponding samples,
and thus warrants further study. Differences in concentration as a function of the water
content of the samples is not deemed to be an-issue because the additional characterization
work done in resolving the energetics question indicates that little or no water is lost while
the samples are stored. Time lag is also not considered relevant, since the difference in time

-between the two assays was small in comparison to the half-lifes involved. No generil trenA
of the uranium concentration as a function of depth can be established because there is no
segment-level data for this analyte.

5.2.4 Total Beta

Total beta, 9Sr, and "Tc analyses were performed on the liquid grab sample and fusion
prepared samples of the core composites. The total beta activity was determined by drying a
small aliquot of prepared sample on a planchet and assaying it with a beta proportional
counter The "Sr fraction-was separated-by solvent extraction or ion exchange and counted.
The "Tc fraction was separated similarly, but assayed using liquid scintillation, There
generally is good agreement (RPDs were less than 10 percent) between duplicates, and
preparation blank beta activities are orders of magnitude lower than the levels found in the
samples, again indicating little contamination from preparation in the hot cell. Most of the
beta activity in the tank samples is from 9 SrY and "'Cs. There is also a trace of "Tc. The
9 SrY, "Tc, and '37Cs data are consistent between the fusion core composites and their
replicates; but in this case the gradient between cores 31 and 33 is observed for 'Sr and
"'Cs. There is no data to determine if "Sr content varies as a function of depth.
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Tables 5-6, 5-7, 5-8, and 5-9 show the average radionuclide concentrations found in the core
composite samples, Table 5-10 shows average fission product concentration and total alpha
concentrations as a function of depth.

Table 5-6. Consolidated Radionuclide Concentration Results for 241-T-111.

5-15

Analyte - - Core 31, Core 31, Core 33, Core 33,
method Detection limit composite 1 composite 2 composite 1 composite 2

GEA analytes (pCi/g) (pCi/g) (pCi/g) (pCi/g) (,sCi/g)

6CO.f (DL = 4.07E-04) < DL < DL < DL < DL

'3CS.f -(DL = 3.70ER 0.211 0.237 0.114 0.103
"1Eu.f (DL = 1.20E-03) 0.00108 0.00324 < DL < DL

.. Eu.f (DL = 5.95E-04) < DL < DL 0.00307 < DL

2Am.f (DL = 1.14E-04) 0.0459 0.0409 0.0387 0.0443

Beta emitters

Total beta.f (DL9M -02) 20.6 21.5 9.59 8.83

Total beta Calculated 20.7 21.5 10.5 9.9

3H.w (DL = 3.15E-04) <DL <DL DL < DL
4C.w (DL = 2.25E-04) < DL < DL < DL < DL
5 9Ni.a (DL= 4.OOE-06) 8.3E-05 3.33E-05 4.44E-05 4.07E-05

1Ni.a (DL= 4.OOE-06) 0.0093 0.00358 0.00545 0.00459
79Se.f (DL = 1.40E-04) < DL < DL < DL < DL
90 Sr.f (DL = 2.15E-03) 7.16 7.43 3.65 3.43

9 Tc.f (DL = 4.60E-03) 0.00514 0.00473 0.0114 0.0104

L29T l = i.E-03) < DL < DL < DL < DL
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Table 5-6. Consolidated Radionuclide Concentration Results for 241-T-111.

Analyte Core 31, Core 31, Core 33, Core 33,
method Detection limit composite 1 composite 2 composite 1 composite 2

Uranium and
transuranics

Total U.f (DL = 3.40E-02) 2,180 3,880 3,180 1,950
(pg/g)
(325) 4,000 5,200 4,500 3,500

Total alpha.f (DL = 7.O1E-03) 0.358 0.359 0.377 0.379

Total alpha Calculated (Lange) 0.179-0.669 0.179-0.608 0.172-0.357 0.195-0.416
237Np.f (DL = 3.40E-02) < DL < DL < DL < DL
238Pu.f (DL = 1.OOE-02) < DL < DL < DL < DL

23 9 24 0Pu.f (DL = 3.50E-03) 0.138 0.136 0.134 0.147
(325) 0.628 0.565 0.319 0.368

2 4 1Am.f (DL = 3.OOE-03) 0.0414 0.0431 0.0382 0.0478
2"Cm.f (DL = Not < DL < DL < DL < DL

Reported)

< DL = below detection limit
Analyte.f = fusion digestion
Analyte.a = acid digestion
Analyte.w = water digestion

Total beta calculated determined by:
1.42 (2)(90Sr) + 1.51 ('37 Cs)
Total alpha calculated determined by:
239 124 0Pu + 24 Am

Table 5-7. Core Composite Uranium.

-m U (222-S) , (325) 8u 35u

- I j (Yg/g) (pu/g 4mass percent mass percent

Core 31, composite I 2,180 4,000 99.3074 ---- 0.6755
Core 31, composite 2 3,880 5,200 99.3098 0.6761

Core 33, composite 1 3,180 4,500 99.3125 0.6761

Core 33, composite 2 1,950 3,500 99.3161 0.6717

FL = Uranium measurement by laser fluorimetry.
222-S Assay date: 4/92
325 Assay date: 9/92
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Table 5-8. Plutonium Concentration and Isotopic Distribution.

Total Pu I Total Pu 238pu I 9Pu "Pu 241Pu 2p

Core number a (222-S) a (325) mass mass mass mass mass
(sCi/g) (pCi/g) percent percent percent percent percent

Core 31, CI

Cr 31, C2

[Core 33, Cl -1 i 0.1-34_ 0.3I19 10.004 [9&7540f 3.1046 0.1071 1 0.0683
Core 33, C2 04 47 0.368 0.0105 96.5499 1.3436 0.0621 10.0337

222S ssy ate 492 Cl= Cmpsie1
222-9 Assay d~ate: 4/92
325 Assay date: 9/92

Table 5-9.

C1 = comp site I

C2 = Composite 2

Radiochemical Analyses of Grab Sample.

0.005

0.0105

0.0352

0.0496

Analyte Average concentration Average concentration
(pCi/mL) (pCilg),

Sr-- 0. 00 1 0.001
13CS _ 0.090 0.087

PU 6.83E-05 6.58E-05

Total Alpha 0.0024 0.0023

Total Beta 10.233 0.224

'Density of 1.036 g/mL used for conversion.

Table-i-O- Tank 241-T- I1 Core 33 aDinnrulidP
Analyte Trending as a Function of Depth

(Acid prep on segments).

Segment '" s Eu 55Eu 24'Am 60Co Total alpha
(pCi/g) (yCi/g) (yCi/g) (MCi/g) (pCi/g) (gCi/g)

1 0.403 0.021 0.027 0.138 0.006 0.649

3 0.140 9.05E-04 0.002 0.014 0.0005 0.166

5 0.088 < DL < DL 0.020 < DL 0.527

-. 23- DL < DL 0.014 0.0005 0.350

9 0.013 < DL < DL 0.050 < DI, 0.262

5-17

0.138 0.628

0.565

96.7199

96.6351

3.2109

3.2834

0.0151

0.0215
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5.3 TANK 241-T-111 CORE SAMPLE RHEOLOGICAL/
PHYSICAL MEASUREMENTS

Physical and rheological assays consume substantial quantities of material. Tables 5-11 and
5412 provide a breakdowii of the total amount of sample available at the outset of the
analylical effort. Figure 5-1 shows the location where the core samples were taken and the
waste depth. Measurements of physical characteristics such as shear strength, viscosity,
particle size, and settling properties were taken- These measurements are necessary for the
design and fabrication of retrieval, pretreatment, and final waste disposal systems.
Rheological assays were performed on samples from core 31, segments 2, 4, and 8. Particle
size measurements were done on each segment of core 31. The data from segment 4 is not
considered valid for these assays because it had dried before the measurements were taken.
The drying process irreversibly changed the physical properties of the sample under
investigation, and thus the sample is not considered representative. Therefore, the results
from most of these assays will not be presented. However, in some cases it is useful to
comoare and contrast the results from the "representative samples with the samples that
dried.

Table 5-11. Tank 241-T-111 Core Sample Description Summary.

Approximate Liquid Approximate
Core Segment Solid sample Liquid sample sample

number number mass-(g)- mass (g) solid sample volume solid sample
voume L) (mL) length

3 18.74 45.26 Not Recorded -50 Not Resolved

31 2 178.68 4.12 150 NA 15 in. (38 cm)

31 3 162.2 NA 177 NA 18 in. (46 cm)

31 4 153.47 NA 148 NA 15 in. (38 cm)

31 5 190.94 NA 187 NA 19 in. (48 cm)

31 6 0 NA 0 NA No Sample

31 7 186.44 NA 177 NA 18 in. (46 cm)

31 8 186.44 NA 187 NA 19 in. (48 cm)

31 9 203.08 NA 187 NA 19 in. (48 cm)
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Figure 5-1. Current Condition of Tank 241-T-111.
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Table 5-12. Tank 241-T-111 Core Sample Description Summary.

Core Segment Solid Liquid Approximate Liquid sample Approximate

.umber number sample sample solid sample volume (m solid sample
mass (g) mass (g) volume (mL) length

33 1 159.16 0 137 NA 14 in. (36 cm)

33 2 209.59 0 187 NA 19 in. (48 cm)

33 3 167.9 0 163 NA 16 in. (41 cm)

33 4 182.05 0 167 NA 16 in. (41 cm)

33 5 174.3 0 167 NA 17 in. (43 cm)

33 i - 217.37 0 187 NA 19 in. (48 cm)

--33 7 196.91 0 187 NA 19 in. (48 cm)

33 8 199.8 0 187 NA 19 in. (48 cm)

33 9 191.01 0 187 NA 19 in. (48 cm)

5.3.1 Shear Strength

The shear strength of the waste from tank 241-T- 1I1 was measured on the unhomogenized
segment samples from core 31 (segments 2, 4, and 8). The shear strength measurements
were made at ambient temperatures using a shear vane connected to a viscometer and rotated
at 0.3 rpm. Shear strength (r,) is a semiquantitative measurement of the force required to
-move the sample. Because shear strength is dependent on sample handling, the measurement
was taken without any sample homogenization. Small aliquots from the segments 2, 4, and 8
from core 31 were-taken- and assayed.--The-aliquots were transferred to a sample jar and
allowed to settle for several weeks so that they could recover from the disturbance of
sampling and extrusion. The extended delay between sample and analysis was permitted
because it is believed that the longer the sample sits undisturbed, the closer it will resemble
its original condition; therefore, the shear measurement is likely to be more representative.
The shear stress (Sr) of the sample was recorded as a function of time and the shear strength
was calculated using Equation 1.

'V =
[%-/100]*S,*4.9E+05

, *H *D 2 *D

2 6

5-20
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where:

- -- ---% O-----= Tne rauo f 1he LuLaL torque to the maximum torque of the
viscometer head, measured as a percentage of the full scale on the
plot of the shear stress versus time diagram (dimensionless)

S = Instrument reading proportional to the torque (dimensionless)

4.9E+05 = maximum torque of the viscometer head (dyneecm)

1 ~ - -- shear-van height (0.635 cm)

D,= shear vane diameter (0.635 cm)

The shear strength for segments 2 and 8 were found to range 5,000 ± 2,300 dynes/cm 2.
Segment 4 is not reported because of sample drying. Although relatively low, the shear
stress of the material exceeded the baseline value for the measurement system
(200 dynes/cm2). Therefore, the values are considered to be valid and representative. Some
additional drying of the sample may-have occurred during the settling-time,--causing the shear
stress to be higher than expected.

5.3.2 ShearStress-ad Viscosity -as- Functians of SShear Rate

Shear stress measurements, as functions of shear rate, were performed on the as-received,
ioi- and 3o 1 water to- sample udution of the sample at ambient hot-cell

temperatures [ranging from 27 to 34 *C (81 to 93 *F)l and at 95 *C (203 0F). -Drying the
as-received sample at 95 -C posed difficulties in measurement; therefore no results of the
rheograms for the samples run under those conditions are presented. In addition, the results
from segment 4 are not presented because the drying that occurred compromised the sample
properties, as discussed previously.

A rheogram for a material with a yield stress has two sections. The first section is a straight
line beginning at the origin and climbing up the ordinate. This portion of the rheogram
records the material as it acts like a solid or gel. When sufficient force is applied to the
material to make it yield, the rheogram breaks sharply to the right; recording the material's
_ehavior as a fluid. The point on the rheogram at which the sample's behavior transfers
from a solid or gel to a fluid is the yield point or yield stress. This minimum shear stress
must be exceeded to initiate fluid behavior. The tank wastes demonstrate both elastic and
plastic behavior, depending on the amount of shear acting on them. The samples are elastic
under low shear conditions (less than 50 s-'), and plastic under high shear conditions (greater
than 300 s-').

Viscosity measurements as a function of shear rate for the 1 to 1 diluted samples had
viscosities near the limits of detection of the system (2 cP) for over the broad range of shear
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rates; however,-some qualitative and quantitative information -was-obtained from w1e
measurement trials. Even though the measurements were at the limits of detection, the
qualitative and quantitative behavior was consistent and reproducible. Viscosity was
observed to increase slightly, then decrease with increasing shear rates. The 1 to 1 dilution
of the segment 2 and segment 8 samples exhibited tendencies toward yield-pseudoplastic
behavior. In fact, the general behavior exhibited by the wastes is best described by a
yield-pseudoplastic model, however the system was not modeled and empirical model
parameters were not determined because the system was at the detection limits. No other
measurements of the viscosity as a function of shear rate were made on the I to 1 dilution
samples at 95 "C (203 *F) or the 3 to 1 dilution samples.

Figures 5-2-to 5-6-are general illustrations of the rheograms. They are not to scale and do
not fully capture all of the nuances and detail that is contained in each measurement trial.
However, when coupled with the description underneath each diagram, much insight can be
obtained about the flow properties of the waste. If more detailed rheological information is
required,- the data package should be consulted. Note that in the figures, Point A is where
the sample begins-to register movement. Point B represents the behavior of the sample at the
maximum shear rate of the viscometer.
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Figure 5-2. Shear Stress as a Function of Shear Rate: Direct Sample.

Shear Stress
(Pa)

A = Yield Stress

B

Elastic Behavior
Region ( < 50 s=)

Plastic Behavior
Region ( > 300 s-1

Shear Rate (s-1)

Shear Stress as a Function of Shear Rate: Direct Sample.

Sample: Sample Temperature Point A shear Qualitative behavior Point B

core 31 numbe ( rC) sress range of rheogram shear stress
(Pa) (Pa)

Segment 2 80701 34 88- 220 Wide variation at low 165
shear, converging to a
singe value at high shear.

Segment 2 -80703 I 33 -2O 80 -'Same 70
Segment 8 123201 33 36 - 108 Same 77
Segment 8 123202 33i- - 108 Same
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Figure 5-3. Shear Stress as a Function of Shear Rate: I to 1 Dilution, Water to Sample.

Shear Stress
(Pa)

A = Yield Stress

B

Elastic Behavior
Region ( < 50 s-1

Plastic Behavior
Region ( > 300 s-1)

Shear Rate (s- 1)

Shear Stress as a Function of Shear Rate: 1 to I Dilution, Water to Sample.
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Point A Point BSample: Sample Temperature PointrAs Qualitative behavior shear
core 31 number (*C) ranges(Pes of rheogra strs Pa)

Segment 2 1 27 0.6 - 4.2 Wide variation at low shear, 2.4
converging to a single value at

____ ___ __ ____ ___ ___ ____ ___ ___ ___high shear.

Segment 2 - 2 27 1 -inear.2.8

Segment 2 3 95 1.0 - 7.0 Wide variation at low shear, 2.0
converging to a single value at
high shear.

Segment 2 4 95 0.7- 1.1 Linear 1.2- 1.4

Segment 2 5 95 1.0-2.4 Linear 2.2
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Figure 5-4. Shear Stress as a Function of Shear Rate: 1 to 1 Dilution, Water to Sample.

Shear Stress
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0

B

Shear Rate (s- 1) 500

Shear Stress as a Function of Shear Rate: 1 to 1 Dilution, Water to Sample

Sample: Sample Temperature Point A shear Qualitative behavior Point B
-- I--- -e (*ess -ronif shear stress

(Pa) (a&ore 31 n u Mbe r (CO (Pa of rheogram (Pa)

Segment 8 1 27 0.4 - 0.6 Linear -.-

Segment 8 2 27 0.6 Linear 2.8
Segment 8 3 95 0.6 Linear 2.0

Segment 8 4 95 2.0 -_5.0 ]Erratic, non-linear 2.0
Se ment 8 9 L
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Figure 5-5. Shear Stress as a Function of Shear Rate: 3 to 1 Dilution, Water to Sample.

Shear Stress
(Pa)

0

Shear Stress as a Function of Shear Rate:

A

Shear Rate (s4 )

3 to 1 Dilution, Water to Sample.

Sample: Sample Temperature Point A shear Qualitative behavior Point B

core 31 number (*C) stress range of rheogram shear stress
(Pa) (Pa)

Segment 2 1 27 0.05 - 0.25 Linear 0.75 - 1.1

Segment 2 2.Z 27 . - 0.35 Linear 1.2
Segment 2 83 5 0.2 .

SegmentV 8 U5Ntdfnd Ertc olnear 0.4
Segment 2 4 95 0.3 Linear 1.0

Segment 8 3 95 Not defined Erratic, non--linear 0.4

Segment 8 4  95 0.3 Linear 1.0
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Figure 5-6. Viscosity as a Function of Time: 1 to I Dilution, Water to Sample.

Viscosity
(mPa)

0

B

C

Time (seconds)

Viscosity as a Function of Shear Rate: 1 to 1 Dilution, Water to Sample
in AfPoint B Point C

Sample: Sample Temperature Point A Qualitative description Pi B P C
core 31 number -(0 C)- viscosity-- I viscosity viscosity

(mPa) 3 (mPa) (mPa)

Segment 2 dl1 30 0.65 Rises, levels off, then 1.8 - 1.5 - 1.7
S gradually declines 2.0

Segment 2 z 30 0.56 Slightly sinusoidal 0.6 0.6
Segment 2 3 30 0.80 Risds, levels off, then 1.0 0.9

gradually declines

Segment 8 3 30 0.75 Flattened exponential 1.0 0.75
growth and decay curve

4 3. Flattened-exponentia . -. 9
growth and decay curve
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5.3.3 Particle Size Measurement

Particle size is analyzed by placing a small amount of sample in a dispersant, which is the
liquid used to disperse and suspend the particles from the solid sample. Samples from each
segment of core 31 were prepared and assayed. The prepared sample was placed in a
particle size analyzer. The apparatus measures particle size by passing a thin beam of laser
light through the dispersant. The diameter of a particle in the dispersant can be determined
by the amount of light that it blocks as it passes through the beam. The dimension measured
by-this method is the-value across the short diameter of the particle This means that if a
particle is oblong, the machine estimates the shortest length across the particle. The term
"diameter" throughout this text will be used to describe any linear profile of any shape.

An important consideration involving the analysis of particle size is the dispersant used. The
primary concern involved with the dispersant is that it may dissolve the particle. Any
particles exiSting - the tank that are soluble in the dispersant will dissolve or decrease in
size during the analysis. Depending on the dispersant, the particle size analysis may not

-epresent the true particle size distribution in the-tank. -in the case of tank 241-T-1ll1, water
was used as the dispersing medium. If a true particle size distribution is required, the
mother liquor, or drainable liquid of the tank should be used if possible because the tank
particulates are already in equilibrium with the tank's mother liquor. The insolubility of the
waste matrix suggests that the particle size data acquired should be acceptable.

The mean particle size in the number distribution runs in a narrow range from 0.93 to
1.23 microns in diameter for tank 241-T-111 waste samples. Table 5-13 presents the
summary results of the measurements.
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Table 5-13.

Table 5-14 presents the _summary-results
Assuming that the density of the solid m
distribution s also the best estimation of

Table 5-14.

Core 31 Particle Size Distribution by
Number.

of the volume distribution measurements.
aterial within the tank is constant, the volume
the mass particle size distribution of the tank.

Core 31 Particle Size Distribution by Volume.

The number density graph is plotted over the acquisition range of the device (from 0.5 to
150 microns). The numbers of particles in each size range, shown as a percentage of the
whole, are graphed against their respective size ranges to form a distribution curve. The
figures-show that the modes for particle size range between the origin and 2.0 microns. In

5-29

Mean Standard Median
Segment (m) deviation (pm)

1 1.23 0.89 0.94

2 1.13 0.80 0.88

3 1.17 1.00 0.91
4 0.93 0.60 0.80

5 0.95 0.63 0.81

7 0.97 0.60 0.83

1.02 0.85 0.82

9 1.02 0.83 0.83

Segment Mean Standard Median
(pm) deviation (pm)

1 28.56 35.92 5.81

2 14.91 20.76 4.79
3 64.99 46.19 58.69
4 24.87 34.15 5.63
5 37.87 47.91 12.31

7 7.95 11.88 4.02

8 24.72 28.18 10.02

9 59.69 49.04 58.97
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fact, over 80 percent of the measured particles fit within this narrow band. As with the
number distribution, the volume distribution is represented by a probability volume density
graph. --The average-particle-size-in- the-volume distribution is considerably larger than in the
number distribution. The particle size in the volume distribution ranges over the full scale of
the device, 0.0 microns to 150 microns in diameter, between the eight segments (core 31
segment 6 was empty, but the nomenclature for the other samples held). The analyzer
calculates particle volume as the cube of the diameter.

In core 31, approximately 70 percent of particle measurements for segments 1, 2, 4, 5, 7,
and 8 fall into the range between 0.0 and 24.0 microns, and tend to be dispersed towards the
smaller particle sizes. Segments 3 and 9 were exceptions to this rule. They had a
distribution over the broad spectrum of particle sizes, with the particles generally much
larger and more widely scattered over the 0.0 to 150.0 micron range and a slight tendency
towards the smaller end of the scale. In segment 3, 23 percent of the particles were less than
24 microns. In segment 9, 40 percent of the particles were less than 24 microns.

The disparity between the segment measurements possibly indicates a difference in waste
type, or perhaps a transitional layer between two waste types that individually are physically
similar, but when commingled, may precipitate larger particulate materials. In segments 1,
2, 4, 5, 7, and 8, over 60 percent of the particles in the sample have a diameter of less than
24.0 microns. In segments_3 and 9, over 50 percent of the particles have a diameter of
greater than 24.0 microns. In the retrieval and subsequent treatment of the tank wastes, it
may be desirable to design pumping or filtration systems for the tank particulate. Therefore,
the volume distribution of the particles should not be neglected (i.e., particles with diameters
of over 20 microns should be considered in these designs). In addition, variation in particle
size distribution is believed to have an impact on analytical precision, especially with small
sample sizes, and thus, should be considered when evaluating analytical results. Plots of the
prho.bility number and volume -density for each core are presented as Figures 5-7a to 5-14b.

5.3.4 Settling Behavior of As-Received and Diluted Samples

This section analyzes the settling behavior and physical properties of the grab samples and
the as-received 1 to 1 and 3 to 1 water to sample dilutions. The physical properties reported
here include settling rates and volume percent for settled solids and weight percent and
volume percent for centrifuged solids. The experimental procedures used to take these
measurements were reported previously (McKinney et. al 1993). The physical properties of
the grab samples are reported in Table 5-15. The properties for core 31 samples are
summarized in Table 5-16.
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Figure 5-7a. Core 31, Segment 1, Particle Size: Number Density.
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Figure 5-8a. Core 31, Segment 2, Particle Size: Number Density.
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Figure 5-9a. Core 31, Segment 3, Particle Size: Number Density.
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Figure 5-10a. Core 31, Segment 4, Particle Size: Number Density.
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Figure 5-1 la. Core 31, Segment 5, Particle Size: Number Density.
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Figure 5-12a.
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Figure 5-13a. Core 31, Segment 8, Particle Size: Number Density.
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Figure 5-14a. Core 31, Segment 9, Particle Size: Number Density.

98.8v0

78. 8:4

40. 87 -

48.8z-

38. ex

18.87

8

Figure 5-14b. Core 31, Segment 9, Particle Size: Volume Density

9.87

U7 I

,~t~~ -I I HI

B 15 38 45 60 75 98 15 128 135 158

Size (in microns)
Linear Scale

5-38

I I F ,
185 128 135 15

Size (in microns)
Linear Scale

15 38 45 68 75 98

15.07-

13.8z-

12. 0 -



WHC-EP-0806

Table 5-15. Grab Sample Physical Properties Summary.

Property G-ran sample I -Grab sample #2 Grab sample #3 Average value

Specific gravity 1.036 1.038 1.033 1.036

pH 11.57 11.59 11.78 11.65

Wt% H20 92.70 92.90 92.90 92.83
Wt% H20 (TGA) 91.17 91.73 90.24 91.05
Settled solids < 1% < 1% < 1% < 1%
(vol%)

The grab samples were clear yellow liquids with no particulate.

Table 5-16. Physical Properties Summary.

-Sample
Property Core 31, Core 31,

segMent 2 segment 8

Settled solids (vol%) 100% 100%

Wt% Solids 22.4 29.3
As-Received -

IWt7o Undissolved solids 19.0 25.4

Density (g/mL) 1.19 1.28

Centrifuged samples

Vol% 65.8 71.9

Wt% 1 hour at 67.3 75.9

Centrifuged supernate T000 1.07 1.10
density (g/mL) Eravities

Centrifueed solid density _ I .2 1.34

No settling was observed in the as-received segment samples over a period of three days, and
there was no standing liquid obtained from the samples. Two dilutions of 1 to 1 and 3 to I
water to- sample ratios, respectively were prepared, and the volume-percent settled solids for
each of the dilutions are plotted as a function of settling time.

The I to 1 dilution for segment 2 reaches a final volume percent settled solids of 85 to
87 percent. Settling is observed throughout the three-day period, but the majority of the
settling is observed in the first 10 hours. The 3 to 1 dilution reaches a final volume-percent
settled solids of approximately 52 percent. Again, settling is observed over three days, and
the first 10 hours is when the mainrity of the solids settle. Qualitatively, the settling
behavior for both sample dilutions is a steep, nearly linear relationship between the initial
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fluidization of the material and the first 10 hours of settling. After that, the final 10 percent
of the suspended solids take up almost the rest of the time settling in a long, gradual decline,
before coming to equilibrium.

The 1 to-i and 3 to I dilutions for segment 4 were compromised by drying the sample before
its assay. However, some observations and contrasts with the other samples are appropriate.
Settling is mostly completed after 3_to 4 hours, and is complete after 10 hours. This is in
sharp contrast to the other samples for which there is a long, asymptotic-like settling
behavior observed for a substantial portion of the suspended solids (10 to 15 percent), after
the initial settling phase. This behavior is suggestive of a colloid or gel for segments 2 and
8. In contrast, segment 4 appears to be a collection of discrete particles with no interaction
between them.

The 1 to 1 dilution for segment 8 reaches a final volume-percent settled solids of about
80 percent (see Figure 5-17a). Settling is observed throughout the three-day period, but the
majority of the settling is observed in the first 10 hours._ The 3 to 1 dilution reaches a final
volume-percent settled solids of approximately 40 percent. Again, settling is observed over
three days and the first 10 hours is when the majority of the solids settle. Qualitatively, the
settling behavior for both sample dilutions is a shallow, nearly linear relationship between the
initial fluidization of the material and the first 10 hours of settling. The slope of this line is
much more gradual than that of segment 2 for the corresponding dilutions. After the first
10 hours, the final 15 percent of the suspended solids take up almost the rest of the time
settling in a long, gradual decline before coming to equilibrium. Table 5-17 summarizes the
settling behavior for the samples investigated. Figures 5-15a through 5-17b illustrate the
setting behavior over time.

Table 5-17. Settling Comparison for I to 1 and 3 to 1 dilutions for Core 31
Segments 2, 4, and 8.

Analyte Segment 2 Segment 4 Segment 8

Dilution: water to sample 1:1 3:1 1:1 3:1 1:1 3:1

Final volume % solids 87 52 22 22 80 40

5.4 ANALYTICAL RESULTS--ENERGETICS

TGA and DSC were performed on subsegment and core-composite material from
tank 241-T- 111. These two thermal analysis techniques are used to determine the thermal
stability or reactivity of a material. In DSC analysis, heat flow over and above the usual
heat capacity of the substance is measured while the substance is exposed to a linear increase
in temperature, i.e., the change in temperature, divided by the time elapsed is constant
(dT/dt = constant). While the substance is being heated, a cover gas (usually air or N2) is
passed over the waste material to remove any gases-being-released. The onset temperature
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Figure 5-15a. Settling Rate Data for Tank 241-T-111 Core 31, Segment 2, 1 to 1 Dilution.
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Figure 5-16a.
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Figure 5-17a. Settling-Rate Data for Tank 241-T-1 11 Core 31, Segment 8, 1 to 1 Dilution.
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for an endothermic or exothermic event on a DSC is determined graphically. The endpoints
of the event are determined and a line is drawn between them to establish a base. A line
tangent to the initial side of the event is drawn until it intersects the base. From that point of
intersc'don, a vertical line is constructed to the temperature scale at the bottom of the DSC
curve. That temperature is the onset temperature of the event.

TGA measures the mass of a sample while the temperature of the sample is increased at a
constant rate. The X-axis is representative of the running time of the analysis as well as the
temperature increase of the sample during analysis. The Y-axis represents the weight percent
of the sample and is effectively unitless. As with the DSC, a cover gas is passed over the
sample during heating. Any decrease in the weight percent of the sample represents a loss of
gaseous matter from the sample either through evaporation or a reaction that forms gas phase
products.

DSC is often used to measure thermal decomposition temperatures, heats of reaction,
reaction temperatures, melting points, and solid-solid transition temperatures. TGA is used
to measure thermal decomposition temperatures, water content, and reaction temperatures.
The two methods often provide complementary information.

5.41 Remar-ks-on- the-Interpretation of Differential Scanning
Calorimetry/Thernogravimetric Analysis Data

Tables 5-18, 5-19, and 5-20 summarize the results of the thermal analyses performed.
Although DSC assays were performed on the grab samples, the results were uniformly
negative (i.e. no exotherms were observed). Where exotherms were observed, there are two
significant features seen on the DSC and one on the TGA plots. The endothermic DSC event
overlaps the area where the substantial majority of the sample mass is lost as recorded by the
TGA, suggesting that this endotherm is a result of the evaporation of water from the sample.
The values presented in the tables may not exactly match the values derived from the DSC
and TGA plots, especially exotherm magnitudes. This is because interpreting these
semi-quantitative analyses requires considerable experience and judgement on the pan of the
analyst, and differences in perception and judgement between readers can be expected in a
semi-quantitative analysis. Appendix A contains copies of all of the DSC and TGA traces
and results.

Additional physical properties work was performed to expand the understanding of the
exothermic behavior of some of the segments (WHC 1994, Delegard 1994). Table 5-21
presents additional energetics results for core 33, segments I and 2. These samples were
dried under a vacuum at 60 'C before analysis, using either air or nitrogen as a cover gas.
Even after drying, the samples retained 10 to 12 weight percent water. Table 5-22 presents a
brief siumimary of the analytical results for the average -sample properties as-received after
centrifuging samples from core 31, segments 3 and 7, and core 33, segments 1 and 7, at
500 Pravities for 113 hous.
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5.4.2 General Comments on the Differential Scanning Calorimetry/
Thermogravimetric Analysis Behavior of the Samples

The first transition in each sample is endothermic, begins at the lower temperature limit of
the analysis (30 *C), and essentially is complete between 140 and 180 C. The most likely
phenomenon occurring in this region is the release of the bulk and interstitial water in the
core sample material. The endotherms exhibited in this region are substantial (typically in
excess of 1,000 J/g). These values are per gram of wet sample. If divided by the mass
fraction lost during analysis, they range from 1,600 to 1,900 J/g (dry) and correspond
roughly with the heat of vaporization of water (2,260 J/g). The TGA water content
corresponds reasonably well with the water loss observed in a gravimetric weight percent
solids determination; however, the gravimetric weight percent water assay is consistently
lower.

Table 5-18. Percent Water Analyses Results
from Tank 241-T-111.

--Core 31 average Core 31 average Core 33 average Core 33 average
Sample I.D. gravimetric TGA transition I gravimetric Wt% TGA transition 1

Wt% loss Wt % loss loss Wt% loss

Segment 1 80.3 87.0 80.4 NM

Segment 2 82.4 87.0 85.7 80.6

Segment 3 8. 85.0 81.8- 88.5

Segment 4 77.3 82.8 79.9 89.5

Segment 5 80.9 88.0 78.2 88.8

Segment 6 No sample No sample 75.8 84.4

Segment 7 76.8 84.8 71.7 85.8

Segment 8 76.6 85.6 75.4 84.8

Segment 9 75.8 71.0 76.0 85.2

Segment 9B 70.4 72.1 NA NA

Composite 1 74.6 73.3 76.5 81.6

Composite 2 75.9 70.2 77.1 80.8
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Table 5-19. Differential Scanning Calorimetry Energetics Results from
Tank 241-T-111, Core 31 (wet basis).

To convert from J to cal, divide by 4.18
Negative AH indicates an exotherm.
Not applicable.
Not resolved.

5-46

Transition 1 Transition 2
Core sample Avg. Avg.

31 Range Aj g. AH range Range Ang. AH range
(*C) (J/g) (0 C) Oset (Jg)

1~ I 4- I
Segment 2 46 - 149 46 1,108 to 1,643 200 - 398 225 -256 to -264

Segment 3 45 - 160 50 1,210 to 1,233 195 - 405 198 -263 to -448

Segment 4 44 - 165 44 1,235 200 - 390 200 -55.7

Segment 5 NR -- Endotherm NR NA NA No Exotherm

Segment 6 NA -- --- --- -- NA
Ia r

Segment 7 50 - 164 50 l1,488 165 - 4UU NA No Exotherm

Segment 8 50 - 153 50 1,534 154 - 400 NA No Exotherm

Segment 9 61 - 158 61 1,437 159 - 400 NA No Exotherm

Composite I NR -- Endotherm NR 256 - 339 257 -23.6 to -37.0

[Composite 2- NR -- Endotherm NR 260-334 262 -18.5 to -22.9
NOTE:
NOTE:

NA =
NR =

43 200Segment 1 43 - 141 1,088 to 1,406 200 -387 -259 to -273

46Segment 2 46 - 149 1,108 to 1,643 200 -398 225 -256 to -264
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Table 5-20. Differential Scanning Calorimetry Energetics Results from Tank 241-T-11
Core 33 (wet basis).

1,

Transition 1 Transition 2

I Core Sample Avg. At ---- Avg. onset AR range
onset Range (0CHId ) ___ ___ ___ k_ _ __ _ k vC (J/g)

I (*C) 8

Segment 1 49 - 10_ if 1 SS-g5to 1,604 I6_8-7A 211t2-9
1,34 to 454-28to-9

Segrent 2 45- 179 50 1,346 to 168 -438 174 -454 to -645
1,496

Segment 3 -NA- -- Endotherm 237 - 400 237 -49.3
NR

Segment 4 NA - Endotherm NA -- No
NR Exotherm

segment j NA - Endotherm NA -- No
NR Exotherm

Segment 6 NA Endotherm NA - No
NR Exotherm

I Segment NA - Endotherm NA - No
NR Exotherm

Segment 8 NA - Endotherm NA - No
INMINAN NoNR Exotherm

-- Endotherm NA -- F No
NR NA

Composite I A Endothermn NA -N

NTE:_. T---convert from J to cal,

Endotherm
NR

NA

divide by 4. 18.
NOTE: Negative AH indicates an exotherm.

NA = Not applicable.
NR = Not re.nlved.

No
Exotherm

5-47
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Table 5-21. Differential Scanning Calorimetry Energetics Results
from Tank 241-T-111, Core 33 (dry basis).

-Transition 1 - -Transition 2

Laboratory-core Avg. I
sample-air/N 2  Range onset AH range Range Avg. onset AH range (Jig)

(0 C) (0C) (J/g) (0 C) (*C)

- 222- --- --- NR--Dried 158 -405 NR -1,857 to -1,882
core 33, seg. 1, Air

22_2-S R-Dried 130 -425 NR -251 to -269
core 33, seg. 2, Air

222-S --- --- NR--Dried 130 - 430 NR -288 to -309
core, 33 seg. 2, N2

222-S --- --- NR--Dried 128 - 418 NR -180 to -187
core 33, seg. 2, N2

222-S --- --- NR--Dried 123 - 421 NR -163 to -175
core 33, seg. 2, N2

222-S --- --- NR--Dried 121 - 438 NR -336
core 33, seg. 2, N2  1

325 --- --- NR--Dried 107 - 394 199 -836 to -898
core 33, seg. 2, N 2

NOTE: To convert from J to cal, divide by 4.18.
NOTE: Negative AH indicates an exotherm.

NA = Not applicable.
NR = Not resolved.

5-48



WHC-EP-0806

Table 5-22. Additional Segment-level Physical Properties Measurements (1994).

l Core 31, Core 31, Core 33, Core 33,
segment 3 segment 7 segment 1 segment 7

As AsIs As-
- -- Centrifugded Centrifuged reci ef I .eceivenuged

Gravitnetric 79.53 64.96 74.72 62.06 79.56 65.49 74.07 59.95
water
(%)
TGA 76.72 55.36 74.06 55.83 78.08 51.37 78.1 45.15
(%)

Density 1.24 1.09 1.19 1.20 1.16 1.19 1.20 1.29
(g/mL)

AH exotherm -112 to -465.3 to -10.2 to 0 -249 to -822.4 to -37.5 to 0
range(J/g) - 91 -546.9 - -33.1 -254 -838.1 41.4

When there is a second transition it is usually substantial and the energetic behavior is readily
quantifiable in_ allIofjhe-samplesanaiyzed-where exother.s are observed. Any weight loss
in the second transition region (generally temperatures above 2000 C) was not readily
quantifiable, whether exotherms were observed or not. The results for the samples
from segments 1, 2, and 3, which are from the upper portion of the tank, indicate significant
differences in thermal behavior compared to other samples from deeper in the tank, further
suggesting a difference in-waste type. In addition, because of the oserved exothermic
behavior for the top -3 segments from-cores 31-and 33 and the results from Baldwin (1994),
the present TOC assay is not considered capable of measuring the TOC in the waste.
Resolution of the actual magnitude of the exotherm, its reaction mechanism, and speciation

-of-the-fuel is still continuing.

5.5 OVERALL ANALYTICAL DATA SUMMARY

Several characterization and safety issues are defined by certain bulk amounts or weight
percent of a given analyte. Table 5-23 presents the nominal concentration and calculated
bulk amounts of the analytes in the waste matrix. The gross waste inventory in-thetank is
estimated to b-e 2-171,000 kg wet solid. It is assumed that by the publication of this report,
no drainable liquid will remain in the tank. Appendix C presents the data, assumptions, and
calculations used to determine the fniowin values.
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Table 5-23. Overall Data Summary and Inventory Estimates. (3 pages)

I Tank
Procens history' TRAC Analytical data range 1992 cores 31 inventory
(Agnew 1994) Oungfeisch1984) -- (most quantitative assay) avd 19 cosej (Ingfei~A98~j~astaverage 1992 cone

data

CATIONS sg/g Ag/g _ _g/g g/g kgs

Be.f - -- _ _ < DL - DL < 0.22
B.a --- 23.4-32.2 28 60,8

Na.f 74,200 0 33,900 - 39,800 37,000 80,300

Mg~ -- -290 -479 377 820

Al.f 0 0 459 -693 570 1,240

Si.f 2,800 0 5,410 - 5,960 5,670 127300

P.f (as Po 3-) (as PO.'-) 9,070 - 11,600 10,400 22,600

S.f (asS42) (as SO.'- 1,00 - 1,350 1,230 2,660

K.a 3,700 0 1,020 - 1,210 1,140 2,460

Cal 0 0 2,050 - 2,760 2,420 5,260
Ti.f -- -- 22.3 - 72.9 48 104
V.f - 12.1 - 16.5 14.5 31.5

[Cr-a j 33 719 1,840 - 2,140 1,980 4,290
MI.a 90 507 6,140 - 6,710 6,330 13,700

Fe.f 9,400 10,300 15,900 - 20,500 18,500 40,200
Ni.a 0 0 108 - 151 132 285
Co.f --- --- 10.1 - 13.3 4.5 9

Cu.f - - 22.1 - 36.3 29.3 63
Zn.f --- --- - 04 110 106 231
As.a -- < DL < 3.3 < 7.2

<e.a < DL < 1.5 < 3.3
Sr.f 0 --- 280 -334 300 651
Zr.f 0 0 4 NR -

AI. -- 37.1 - 221 130 278
Cd.f --- 6.42 -10.7 5.8 12.6
Sn-a --- 1.61 -4.21 2.5 5.4
Sb.a --- 22.6 - 36.5 31.4 70
Ba.a - 0 57.0 - 87.3 69 150
La.a 12,700 512 3,620 - 4,890 4,220 9,160

5-50



WHC-EP-0806

Table 5-23. Overall Data Summary and Inventory Estimates. (3 pages)

I I -- - Tank
I I1992 coru 31 inventory

GROTP VFrocess-history TRAC - ---Analytical data range and 3 I-aed or(Agnew 1994) (Jungfleisch 1984) (most quantitative assay) 199 2a1 on
- --- - -- avra - 1992 cor

data

CATIONS AgIg Ag/p Ag/g ugg kgs

Ce.a 0 0 28.6 -37.8 33.7 73.2

Hg.CVAA - - 1.08 - 1.83 1.43 3.1

Pb.f 0 0 - 267-484 -. 365 - 92

Bi.a 23,200 963,000 1,300 -28,500 26,000 56,300

U.LF 140 - 1,950 - 5,200 3,550 7,700

RADIONUCLIDES

Analyte pCi/g aCi/g ACi/g pCi/g Ci

Total Alpha _ -- - 0.166 - 0.649 0.368 NA

ITotal Beta - 8.83 -21.5 15.1 NA
2Am - 0.0092 0.0382 - 0.0478 0.0425 92.4

29aepu 0.009 0.055 0.134 - 0.628 0.304 660

"Cs 0.086 0 0.103 - 0.237 - - 0.166 360

"T1 0 0.00473_ 0.0114 n.0019 17.2
"Ni - - 3.35E-05 - 9.4E-05 5.04E-05 0.11
3-- - 0.0036 - 0.011 0.0057 12.4

'Sr 0.176 1.84 3.43 -7.43 5.41 i_.R,8O0

C 0 < DL CDL -.

I----< DL < DL --

ANIONS

Analyte gg g/g /gIg iA/g kgs

OH- R 8-900 MGis4n 3,3W - 6,00 2

NH- - < DL <_DL _

F 24,600 0 1,370 - 3,130 2,300 4,990

CY 0 0 400-500 450 977

NO 0 0 525 -952 793 1,720

NO; 51,600 0 36,900 - 44,300 41,300 89,660
cO; 0 0 as TIC 812 1,760
Total PO,- 35,400 438,000 27,800 - 35,500 31,900 70,100
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Table 5-23. Overall Data Summary and Inventory Estimates. (3 pages)

I I 1 1 192cTank

GROUP Process history' TRAC Analytical data range 1992 covs 31 entory

(Agnew 1994) (Jungfleisch 1984) (most quantitative assay) average 1992 core

data

CATIONS pg/g - g/g -g/g ug/g kgs

ANIONS

so,- 1,450 0 3,290 - 3,690 3,680 7,990

CARBON-BEARING SPECIES

Analyte ug/g pg/g g/g ug/g Kgs

C2 H,O, 0 0 NM --

C20,2- 7,200 - NM - -

C6H,0, 0 0 NM - -

Fe(CN) 4  0 0 NM ---

EDTA 0 0 NM

HEDTA 0 0 NM -

PHYSICAL PROPERTIES

Wt% Water 72.5% - 74.6 -77.1 76.0% 1.65E+06 kg
(Grav.)

- GW70ater 72.5% --- .2 - 81.6 76.5% 1.66E+06 kg

Buik 1.21 - - 19 - L28 1.24 ---
Density
(g/cm )

Supernatant 1.058 --- 1.033 - 1.038 1.036
Density
(g/cm')

'Process history estimates are determined using a simple linear combination based on the proportions of 2C
and 224 waste contributed.
'0H is estimated from mass and charge imbalance.
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60 INTERPRETATION OF ANALYTICAL RESULTS

Tank 241-T-1 11 had a relatively straightforward process history as documented in the
transfer records. It received very few major types of waste that were likely to deposit solids
during its operating history. The waste types, in chronological order, were as follows:

. 2C waste

. 224 Waste

* Decontamination streams from T Plant (221-T).

The-purpose of this section-is-to attempt to identify andreconcile the location of the tanl
waste solids, thereby estimate the tank inventory for various analytes of importance.

The waste profile was identified by examining the available segment level assays for anaIytes
or characteristics distinct to the waste types that were disposed in the tank, and then
combining that information with what is known regarding the tank's process history. The

-f irswaste placed in the tank through the cascade inlet from tank 241-T-l 10 was 2C waste.
Study of the process stream compositions indicates that this waste would be comparatively
high in bismuth and phosphate in addition to the ubiquitous sodium, nitrate, and iron found
n neary ai waste types. Elevated levels-of -fuoride, chromium, and sulfate are also

expected. Qualitatively, the waste has been observed to be a gelatinous material. Anecdotal
reports during this time also indicate that the cascade lines may have clogged in
tank 241-T-ll1 and in other tank cascades receiving this type of waste. The 2C solids
volume was measured to be between 723,000 L (191,000 gal) and 931,000 (246,000 gal)
in 1953 (Anderson 1990).

The tank then received 224 waste. The solids from this waste are high in manganese,
lanthanum, and fluoride, however, teLh 224 waste may have been combined with the 2C waste
before being discharged to the tank. The estimated solids volume contribution for this waste
type in tank 241 T-11 at the end of bismuth phosphate production in T Plant was
between 594,000 and 802,000 L (157,000 and 212,000 gal).

The last major waste type disposed in the tank was T-Plant decontamination waste. Much of
the physical ,nd chemical zo~position-nf-this was te is unknown because it was a catch-all,
consisting of various process residues, unused stock solutions, and aqueous decontamination
solutions that contained surfactants (such as Turco*). Few predictions can be made from

'Turco is a registered trademark of Turco Products, Inc.
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studying the historical process flowsheets in this case. Lack of analytical data and/or transfer
records with regard to T-Plant effluents later in tank 241-T- IlI's service life are a great
source of uncertainty regarding the waste near the surface. One observation is that slightly
higher TOC values may be anticipated near the surface because of the use of detergents in
the decontamination waste stream and its chronological discharge sequence with respect to
the other wastes. This waste stream is estimated to occupy the top segment of waste, or
198,000 L (53,000 gal). The sum of the wastes would range between 1.52 million L and
1.93 million L (401,000 gal and 511,000 gallons), well within the reported range described
in Anderson (1990). This waste volume would measure between 389.4 to 491.0 cm (153.3
to 193.3 in), measured from the centerline and distributed evenly across the tank. The
present surveillance level status is almost exactly in the middle of this range 1.73 million L
(456,000 gal) and 440.2 cm ± 1.3 cm (173.3 ± 0.5 in) (Rios 1994).

Two common characteristics of all these waste types are high water content and relatively
low activity. None of the waste streams disposed in this tank were concentrated through the
evaporator; therefore, the waste tank would not have any salt cake. The uranium,
plutonium, and fission product content of these wastes are uniformly low.

6.1 Review of the Analyte Profiles

The following conclusions are drawn from review of the available composite and segment
analyses presentedin Section 5, and the historical information presented in Section 2.

Core 31

The chemical analyses of core 31 indicate there are at least two primary types of material in
distinct layers in the tank. The DSC traces for segments 1, 2, and 3 show exotherms far out
of proportion to the measured organic content in the wastes. The temperature range where
the wastes begin to show reactions are from 170 to 4000 C, but do not appear to be
self-sustaining. Instead, the overall energy profile is highly endothermic, probably caused by
the large amount of bound water (70 to 80 weight percent) that is evaporated from the
sample before a reaction is initiated. The overall physical and chemical properties of the
waste in the tank roughly correspond to the expected behavior and composition of 2C waste,
with large quantities of bismuth, iron, and phosphorous, and no exothermic behavior. But,
there is a substantial contribution of manganese and lanthanum in the composites. However,
these analytes can be found in 224 waste, and historical data indicates that 224 waste was
added to tank 241-T- 11 later in its service-life, Therefore,the analytical and historical data
correspond reasonably well, except for the anomalous energetic results. At this time, there
is no adequate explanation for the observed exothermv in the upper segments of
tank 241-T-1I waste.

6-2



WHC-EP-0806

Core .2

Every segment of core 32 was compromised during the sampling process in some fashion.
When the sampler operated properly, liquids were the only material recovered from this
core. However, the sampler valve failed repeatedly. Photographs taken before and after the
sampling event reveal that there was a plastic bag in the vicinity of the sampling area before
coring operations. After core sampling, the bag can not be seen. It is surmised that the
sampling drill string was obstructed by the bag during core sampling operations, causing the
corruption_ of the samples. -ALsamplesfrom-core 32 were rendered unusable or categorized
as-non-representative.- Therefore, no assays were performed and no analytical results are
reported.

Core 33

The chemical analyses of core 33 indicate there probably are three primary types of material
indistinctiayersin the-tank. The extremely high manganese values in the top first segment
of the tank are attributed to a combination of T-Plant decontamination waste (i.e. the result
of a- final process flush-during the -decontamination of T Plant) and 224-waste solids
deposited late in the tank's service life. Proceeding deeper into the tank, beneath the first
segment, the distribution of bismuth, manganese, lanthanum, and-chromium in the
composites and the analyte profiles from the homogenization results through segment 3
support the conclusion that this material is still 224 waste. Segment 3 itself is suspected to
be a transition layer, containing the boundary between the 224 waste and the 2C waste, based
on the exothermic -behavior of the waste as a function of depth. The TOC analysis indicates
moderate amounts of residual organics in the waste.

Cesium - 137 concentrations between the core composites vary within a factor of two, and
the variation in the 14 Am is less than 13 percent. But the change in concentration as a
function of depth for each of these analytes is much more significant. Both analyte profiles
show a decreasing trend as a function of depth in core 33. The " 7Cs concentration decreases
by more than a factor of 30 over the depth of the tank, and "'Am decreases by a factor of 10
through segment 7 before rebounding somewhat in segment 9. The 1 Cs and 24'Am
concentrations as a function of depth in core 33 show profiles consistent with the wastes
believed to be associated with the segments: low overall 31Cs and 14'Am values. But the
relative radionuclide concentrations for the suspected 224 and T-Plant decontamination wastes
are higher than the 2C wastes. The 9"Sr concentration is also low and 'Sr is similar to "'Cs
in the magnitude of the change in concentration and as a function of location for both cores.
However, there are no high radionuclide values anywhere in the tank, and the tank
temperature further confirms the tank's low radionuclide content.

Lanthanum and phosphate/phosphorus demonstrate an increasing concentration profile as a
function of depth. Between segments Iand3 and 3 and 5 there is an abrupt change in the
concentrations of calcium, chromium, manganese, bismuth, lanthanum, and phosphorous,
although after segment 5, the analyte concentrations tend to plateau, mirroring the behavior
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of the radionuclides. In addition, the DSC traces for segments 1, 2, and 3 show exotherms
far out of proportion to the measured organic content in the waste. The temperatures where
the wastes begin to show reactions range from 170 to 400 *C, but these reactions do not
appear to be self-sustaining. Instead, the overall energy release is highly endothermic,
probably from the large amount of bound water that is evaporated from the sample before a
reaction is initiated.

In conclusion, the physical and chemical properties of the waste in the bottom half of the
tank correspond to the expected behavior and composition of 2C waste, and the upper half of
the tank is suspected to be 224 waste with a high manganese layer located in segment 1.
Therefore, the analytical and historical data correspond well with the historical fill pattern,
except for the anomalous energetic results. Presently there is no adequate explanation for the
observed exotherms in the upper segments of tank 241-T-111 waste.

6.1.1 Entrance, Exit, and Mixing Effects
on Analyte Distribution

Figure 5-1 shows an elevation and plan view of where the core samples were taken.
Important items to note are the arrangement and location of the risers and cascade lines (inlet
and outlet). Their configuration can have a substantial impact on the distribution of waste in
the tank, and observations with regard to sampling. However, the waste entrance and exit
points for the tank over its service life are not well documented, therefore the spatial
relationship and proximity to the sample risers is not known. The decant "float and flex"
pump contained a 6.1-m (20-ft) section-of flexible hose that could-traverse -a-relatively wide
area under and around the pumpout riser. The cascade fill line where 2C waste entered the
tank is closer to the core 33 sample point than to the core 31 sample point. There was very
limited discharge/transfer traffic from the other separations plants within T farm or with the
tank farms as a whole, so no highly enriched layer of radioactive material is expected to lie
on top of the waste as has been observed in other tanks sampled. However, the relative
concentration of radionuclides is observed to be higher in the upper portions of the tank.

As new wastes entered the tank and were distributed across it, the material under and around
-thetankpumpout could have been disurbed,-and occasionally solids could have been
transferred, in behavior similar to the last in, first out principle. It is believed that the
material beneath the waste inlets, the cascades and perhaps a riser, would have been
disturbed initially, but over time, large stratified layers resistant to mixing eventually would
have built up. No deliberate mixing of the wastes was performed; therefore, where
segment-level data is available, distinctions between waste types can be made. Some of the
larger particulate materials discharged to the tank initially may have settled out near the inlet
because they were _not as flocculent or as easily suspended_as some of the other solids. This
settling behavior may have provided a slight degree of separation. Therefore, the influence
of the waste inlet and outlet locations can provide insight to the analyte distribution and waste
profiles between cores 31 and 33. These factors may account for the nominally observed
lateral heterogeneity between cores 31 and 33; however, it must be noted that this lateral
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heterogeneity is very slight and there may be several other factors contributing to this
observation.

6.1.2 Waste Profile

Given the historical and analytical data, it is possible to develop a rough representation of the
wastes as they-presently areconfigured in tank_241-T-1l . Figure 6-1 shows a
representatiort of the overall waste profile of tank 241-T-i ii and the assumed volumes,
boundaries, and positions of the various individual layers as they are believed to exist.

6.2 WASTE SUMMARY AND CONDITIONS

Historically, 241-T-111 was a non-watch list single-shell tank with no previous indication of
a potential safety issues. All waste receipts were 2C waste, 224 waste, or residues from the
T-Plant cleanout. Flowsheet records indicate that small amounts of oxalate are present in
224 waste (at 0.028 M) (Schneider 1951). As a result of DSC measurements,
tank 241-T-1 11 was added to the Organic Watch List on March 4, 1994 and further concerns
have been raised about the tank's integrity.

When tank 241 -T- 111 was sampled, normal paraffin hydrocarbon was used as a hydrostatic
fluid, presenting a potential contamination source and bias for the DSC. However, when
taking the first segment, no normal paraffin hydrocarbon was used, and sample recovery for
the other-segments in the cores-was excellent. No voids or separable liquid layer were
observed on extrusion of the samples, and resultsfrom the gas chromatograph/mass
spectrometer for normal paraffin hydrocarbons components showed only trace amounts,
precluding significant sample contamination from the hydrostatic head fluid. Furthermore,
experiments have demonstrated that normal paraffin hydrocarbons steam distill away before
reaching the reaction temperatures observed in DSC assays of the samples. In the deeper
segments -and in the composites, core 31 demonstrates some activity, but not to the extent
shown in the upper segments.- In core 33,no signifiant exotherms are evident in the
composite. The photographs of the extruded waste material demonstrated that the all of the
core samples were viscous,-gel-like materials with very little free liquid, and that they held
their shape relatively well. During the physical testing of the core 31, segment 2 solid
sample, when the sample was centrifuged, there was some separation of free water from the
gel. Later physical testing did show some separation of liquid from the waste matrix for
segment 7, but again, no separable phase was observed in the liquid (Delegard 1994). In
each case, the liquid did not appear to have any distinct layers, therefore no liquid organics
are considered to contribute to this waste matrix. In addition, although historically there
have been problems with both volatile and semi-volatile organics analysis methods and
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Figure 6-1. Waste Profile of Tank 241-T-111.
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holding times on these samples, all of the results from these assays show levels of these
compounds below EPA contract laboratory procedure quantitation limits.

This information, coupled- with -data-fron-the-organic vapor monitor taken during the recent
liquid sample effort (Appendix-C),-supports the contention that there are no substantial liquid
organics in the tank. The organi- vapor monitor results from the vapor space of tank
241-T-1 11 show a reading of 9.2 parts per million over a three minute monitoring interval:
a detectable concentration, but far below the established safety criterion of 20 percent of the
t0wer iiammauiity JImIL. Ti s result from the organic vapor monitor is not unexpected
because small quantities of ammonia were observed in the grab samples and historically
ammonia was used as a process chemical in the tank wastes. Over time, the ammonia is
believed to have dissipated slowly to the levels observed today. It is also believed that the
vapor space of this tank is relatively homogenous, and-therefore large concentration
gradients for organics and other materials in the vapor space are not plausible. Differences
of 2 to 10 times are within the realm of possibility (10 times being an extreme). Factors
higher than that are not considered credible. For comparison, the vapor space of tank
241-C-103-, which-has-a known organic liquid layer, was found to be 200 ppm.
Furthermorera simplified modeling scenario of tank 241-T-111 shows that if
normal-parffin-liydrocarbon-type liquid organics were present, they would be in much
g-ter quanties than detLed in tle organic vapor monitor (see Appendix C).

To conclude, the waste in tank 241-T-1l1 is a complex-material, primarily made up of-water
and organic and inorganic salts in a gel-like matrix. The insoluble solids are a mixture of
phosphates, silicates, hydrated oxides, and hydroxides in combination with calcium,
chromium, lanthanum, iron, bismuth, manganese, and uranium. The soluble analytes are
primarily sodium, nitrate, sulfate, and fluoride. Phosphorous is nearly evenly divided
between its soluble and insoluble forms.- Substantial exotherms were detected in segments 1,
2, and 3, with the reactivity tailing off in segment 4 of core 31 and in segments 1, and 2,
with the reactivity tailing off in segment 3 of core 33. The exotherms were reported to be
similar in size and temperature range. It is important to note that no exotherms are observed
until the sample has been dried and heated to approximately 180 *C. The exotherms
themselvesdo not appear to be kineticaiy fast, thusthe reaction may not be able to sustain
itself without being thermally driven, as they are in the DSC apparatus.- The organics
present appear to be in the form of slightly soluble salts, contributing to a gel or sol-like
structure. This behavior would_ be-consistent with the-very high-misture content -observed in
these tanks and with the types of organics historically indicated to be in the waste: aqueous
decontamination solutions using surfactants, not normal paraffin hydrocarbons or TBP-type
organics. This would help explain their low volatility and reactivity, their presence in the
solid phase, and their relative absence in the liquids. These materials are carbon-bearing and
will, if given enough impetus in the form of a thermal driver, react; however, the reaction
does not appear rapid or self-sustaining, and will not occur without first removing the water
from the gel No~ther safety issue was found after critically reviewing the analytical,
historical, and sunrvinancep dnt.
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Hypotheses Regarding Recent Behavior of 241-T-111

DRarntly, sAefillance data indicated that there had been a relatively abrupt level change in
tank 241-T-111 over the past 16 to 18 months. Approximately 2.5 cm (1 in)-of gradual
sludge growth was observed over the last eight-year period, followed by an approximately
4.1-cm (1.6-in) decrease in surface level over 16 months. This situation is cause for
concern. Tank 241-T-l 11 is an assumed leaker, therefore there is the possibility that the
tank has leaked again and waste is being lost to the environment. This is not an acceptable
candition. Tank Farm Operating Procedures (Boyles 1992) specify that when a level drop in
a tank is observed, the observation must be accompanied by certain actions, and that a
leaking tank must be pumped to eliminate any remaining drainable liquid to prevent further
environmental contamination. However, the observed level decrease was not large enough to
trigger action past investigation under present guidelines (Boyles 1992), and it was not
resolved that a leak was the only explanation for the observed behavior. In fact, there were
observers who believed there was another safety issue requiring consideration involved. The
final outcome of the review, however, was the decision to pump the liquid in the saltwell of
tank 241-T-111 to tank 241-SY-102 (Jenkins and Engelman 1994). This section recaps some
of the alternative explanations presented for the surveillance data and provides some of the
strongest and weakest points of the arguments put forth.

. Tank is a "Re-leaker"

Evidence supporting this point of view is strong and it is one of the most favored
explanations for the observed level drop. Tank integrity was questionable for a
lUIg yvriod of time, and the tank was declared a leaker in 1984. Corrosion of
tank liner is also evident from in-tank photographs. However, the change in
surface level could be a localized phenomenon and in-tank photographs and
observations of the extruded core material indicate that the waste is viscous and
cohesive. Substantial damage to the tank-liner-and-shell would be necessary for
the evacuation of over 11,000 L (3,000 gal) of material and this condition is not
indicated.

. Long Cycle Gas-Release Tank

This proposition is more speculative, but warrants consideration. Cyclic, gas
generating behavior previously has been observed in Hanford-Site waste tanks.
Specifically, tank 241-T-110, the cascade source for tank 241-T-111, is on the
Gas-Generation Watch List. Viscous waste material, such as that observed in
tank-241-T-1i i, also appears to be able to retain generated gases. However,
overall tank information, specifically the analytical chemistry results, indicate
Lank conditions necessary for gas generation as currently understood (i.e. high
radionuclide and complexant levels), do not exist.
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Intrinsic Waste Matrix Changes

This explanation is even more tenuous than the previous one, but again, the
present understanding of the high-level waste tank matrices is very limited, so it
is within the realm of possibility. Composition and structure of the waste (small
particles, high water content, high ionic strengthisolution, and possible organic
surfactants), may be similar to an emulsion. Over time, the low-level radiolytic
action and thermal cycling of the waste may break down the colloidal
characteristics-of the matrix. The breakdown may be uneven, and there may

-even be a slurry-growth phase before the separation of the emulsion and the loss
of free water through pinhole corrosion. However, that same degree of
uncertainty regarding the content and structure of the waste matrix makes this
hypothesis highly speculative without much more characterization information
than currently exists.

. Structural Subsidence of the Waste

This particular condition may be a contributing factor to the observed behavior,
since it is acknowledged that the overall configuration of the waste generally is
not very well known (and that the surfaces of the waste beds can be highly
irregular), however it is not considered the main cause. After disposal into the
tank, irregularities in the waste bed may have formed. The shifting of the waste
bed over time as a result of gravitational compression is potentially responsible
for the sudden drop in waste level. However, this rationale does not adequately
explain the ve increase in tank level without involving another agent (i.e. a
slow tankintrusion),_Also, further slumping of the waste was not observed in
the recent in-tank photographs, and the waste surface was observed to be
reasonably uniform.

* Other Possibilities or Combinations of the Preceding Agents

There may be more than one mechanism involved in the observed behavior, such
as a long-term slow intrusion coupled with a subsequent upset and relatively
rapid loss of material, especially of liquid, because the matrix appears to be quite
viscous. There are a limited number of measurements taken and their location is
fixeUd; therefore, local irregularities may be exacerbated. In addition,
measurement error and bias also are significant when considering the magnitude
of the drop in comparison with the error band.
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6.3 TWRS PROGRAM ELEMENT CHARACTERIZATION SYNOPSIS

This section provides selected results obtained from core sampling for some of the most
pertinent analytes for the various TWRS program elements, including vitrification, Retrieval,
Pretreatment, and Waste Tank Safety. Analytes of interest will be reported on a level of
resolution commensurate with the available data and program direction. Watch-list tanks will
have segment or subsegment level analyses reported, while non-watch-list tanks are analyzed
on a core composite basis. Analytes of interest to multiple programs generally will be
reported only in one section. Further detail can be found in the body of the report or in the
data packages.

6.3.1 Retrieval Program Data Summary: Physical Properties

A major objective of the characterization program is to measure the physical properties of the
waste to support waste retrieval technology development. The analytical methods to
determine -the physical properties of the waste as it actually exists in the tank require 50 to
100 g of unhomogenized sample. In some cases, the limited amount of sample recovered
constrains the number of analyses that can be performed. At the time of the sampling and
analysis of tank 241-T-l I waste, no data quality objective existed to define the scope of the
analyses. However, several analytes that specifically relate to physical properties were
determined to be of interest to the program and are summarized here. The physical
characteristics of tank waste are required to develop design criteria for waste retrieval
equipment, provide a basis for simulated waste development, and to provide a basis for
validation of equipment testing using design criteria and simulated waste. Selected
rheological and physical properties are presented in Table 6-1. Further information
regarding these analytes can be found in Section 5.3.

Table 6-1. Retrieval Program.

Analyte Data range
Specific gravity (g/mL)
--solids 1.19 - 1.28
--liquids (grab sample) 1.036
Shear strength 5,000 ± 2,300 dynes/cm2

Viscosity (mPaes)
--1:1 dilution @ 29 *C Less than 2 mPaes (cP)
Settled solids (Vol %) 100%
Weight % solids .4 to -.3

Weight % undissolved 19.0 to 25.4
solids

Particle size (am)
-number distribution 85% < 2 gm
--volume distribution 70% < 24 gm
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6.3.2 Final Disposal Program Data Summary

Bulk Constituent Concentrations for Pretreatment

Programmatic decisions pertaining to the design of pretreatment and final disposal systems
shall be based upon the average characteristics of the tank waste. Therefore, the majority of
the laboratory analyses shall be crnducted on representative core composites. However, as
noted in other-documentation (Bell 1993), segment, subsegment, and additional analyses will
be-performed- when directed. The constituent concentrations and inventories shall be
calculated by either treating the core samples as random samples and averaging the results,
or by using a spatial model. The calculated values will include an estimated total quantity of
each selected analyte and its corresponding -confdence- internal (CI) based upon analytical and
sampling variability. -Again, no data quality objective existed to-define-the scope of the
analyses at the time tank 241-T-111 was sampled and analyzed. However, several analytes
relating specifically-to the most significant chemical and radiological contributors and their
solubility properties were determined to be of interest to the-program and are summarized
here. Chemical analytes of interest are presented in Table 6-2. Trace analytes and more
comprehensive chemical and radiological characterization information can be found in
Section 5.

Low-level and High-Level Vitrification Program

The final disposal option for Hanford-Site wastes has been determined to be vitrification after
partitioning into low-level and high-level fractions. This program has characterization needs
in addition to those described for core sampling. The vitrification process will be performed
after the solids have been pretreated. Therefore, the core sample information will provide
preliminary bounding design conditions for the vitrification plant. Further characterization
for technology development and regulatory compliance will be necessary on the pretreated
waste that will be fed to the vitrification plant. Although the data requirements for this
option are notformally defined, the analytical requirements for the previous Hanford Waste
Vitrification program generally are applicable and are identified in the- Hanfard Waste
Vitification Plant Feed Characterization Requirements, Revision 4 (Wagner 1992). These
requirements are quite similar to the pretreatment program requirements, and therefore are
presented together in this section (see Table 6-2). For more specific information on a
panticular analyte not given in this table, consult the data package (McKinney, et al. 1993) or

-the appropriate table in Section 5.

The analytical program for vitrification not only entails determining if a waste type is
suitable for disposal as glass, but also includes determining the physical and chemical
characteristics of the glass for process-control purposes and to ensure regulatory compliance.
Sampling and analysis plans will be developed on an individual basis for each tank or process
batch. The characterization needs for these efforts include analyses for metals, water-soluble
anions, radionuclides, semi-volatile organics, and rheological and physical testing for both
the feed and vitrified product.

6-11



WHC-EP-0806

Concentrations and Solubility of Principal Waste Components.

Tank average
Tank avenrage concentration % Water

Analyte ncprer:tig) fusion prep: soluble
Sp :()g/g)

Calcium 61.8 2,420 2.55

Chromium 218.3 1,980 11.03

Iron 127.7 18,500 0.69

Aluminum 10.9 570 1.91

Sodium 33,000 37,000 89.19

Bismuth 201.8 26,000 0,78

Lanthanum 11.0 4,220 0.26

Silicon 571.8 5,670 10.08

Uranium No measurement - 3,550

Zirconium 0.8 4.0 20.00

Phosphate 15,600 (IC) -- 32,300 48.29

Sulfate 3,550 (IC) 3,680 96.47

Nitrate 41,300 Not Applicable ---

Fluoride 2,300 Not Applicable ---

TOG 3,120 Not Applicable

Radionuclides (pCi/g) (pCi/g)

"Sr 0.00097 (Grab) 5.41 0.018

__0.087 (Grab) .166 52.33

Tank 241-T-111 presentlyis not scheduled as an early feed for-pretreatment and vitrification.
The following characterization objectives need to be addressed in a data quality objective
supporting the design of retrieval, pretreatment, and final disposal systems for early feed
tanks.

Provide extensive characterization of the chemical and radiological contents of
the waste (solids-and supernate) as it currently exists in the tanks to evaluate how
it can be processed and to verify if the composition variability study envelope
coverage for key-analytes is adequate.
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. Estimate the waste fraction that will remain after sludge wash pretreatment and
estimate the feeds for the low-level and high-level streams for vitrification.

. Simulate sludge washing pretreatment on the waste material. This will provide a
detailed understanding of the sludge wash process and obtain empirical data.on
soluble species removal.

. Determine the physical and rheological properties of the waste before and after
simulated sludge washing to support the design of a waste retrieval system.

. Provide a supply of sludge washed material to be used as feed material for a
laboratory scale vitrification.

. Satisfy the general characterization requiremientsfor physical., chemical, and
radiological analytes.

6.3.3 Waste Tank Safety Program Characterization Data Summary

Safety Screening

The tankiafety screening data quality objective will be used to classify 149 SSTs and
28 double-shell tanks that contain high-level radioactive waste into specific safety categories
for issues-dealing ..th the presence of ferrocyanide, organics, flammable gases, and
criticalityBabad -and Redus 1994). The analytes tsed- -tA make thisclassification are fuel
energy value, total alpha concentration, weight percent moisture, and gas composition. The
following table presents the analytes of concern, the criterion for classification, and the
analytical result from the tank, where available. Further information on the tank contents are
presentedin subsequent sections. Because of the exothermic response of the waste material
from the upper portions of tank 241-T- I11, it has been placed on the Organic Watch List,
and further studies trying to resolve the nature of the observed reaction are continuing.
Table 6-3 provides a comparison of the tank values with the safety screening criteria.

Table 6-3. Tank 241-T-1 1I Comparison to Safety Screening Criteria.

Analyte Safety issue/cereia Tank result
Fuel energy value Organics, ferrocyanide, Greater than
(cal/dry g) flammable gas; -125 cal/dry g -215 cal/dry g
Total alpha concentration Criticality; 1 g 23 Pu/L 0.0053 g/L
Percent moisture - rganics, ferrocyanide, 76 wt%

flammable gas; 17 wt%

Gas composition 25% lower flammability limit NA
NA = Not available
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Criticality Safety

The criticality safety program has indicated that plutonium and uranium isotopic analyses on
each core composite and the bottom six inches of each core is required to alleviate the
concern for the potential of tank criticality. Therefore, upon extruding the last segment in a
core, the waste to be tested shall be homogenized before a small aliquot is taken and
analyzed for plutonium and uranium isotopic analyses by mass spectroscopy. The analyses
will indicate whether the fissile species have settled in a concentrated layer at the bottom of a
tank. However, this analytical criterion was established after the sampling and analysis of
tank 241-T-111 waste. Tables 6-4 and 6-5 present a summary of the core composite data for
uranium and plutonium coneentration.:--After reviewing the data, the isotopic analyses from
both cores 31 and 33 were found to be very consistent with regard to composition, and the
total alpha content indicated from the core 33, segment 9 homogenization data is extremely
low (0.262 pCi/g). Therefore further re-analysis and isotopic resolution of the core sample
material from the lower portion of cores 31 and 33, segment 9 is not warranted. For this
tank to exceed established operating limits for fissile material in the tank farms, a
concentration of 1.58 pCi/g ""'Pu was calculated as a threshold limit value (see
Appendix C).

Table 6-4. Core Composite Uranium.

Core No. Us (222-S) UF (325) "3U 3u

(pgLg- ( g/g) mass percent mass percent
Core 31, composite 1 2,180 4,000 99.3074 0.6755
Core 31, composite 2 3,880 5,200 99.3098 0.6761
Core 33, composite 1 3,180 4,500 99.3125 0.6761
Core 33,composite 2 --- 1,950 3,500 99.3161 0.6717

FL = Uranium measurement by laser fluorimetry.

Table 6-5. Plutonium Concentration and Isotopic Distribution

Total Pu Total Pu ... Pu 23Pu 240Pu 241Pu 2 Pu
number a (222-S) a (325) mass mass mass mass mass

(pCi/g) (jCi/g) percent percent percent percent percent
Core 31 Cl 0.138 0.628 0.005 96.7199 3.2109 0.0352 0.0151
Core 31 C2 0,136 0-565 0.0105 96.6351- 32034 0.0496 0.0215
Core 33 CI 0.134 0.319 0.004 96.7540 3.1046 0.1071 0.0683
Core 33 C2 0.147 0.368 0.0105 96.5499 3.3436 0.0621 0.0337
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Organic Tonkrc

The following characterization objectives support resolution of this unreviewed safety
question and safety issue and support retrieval, pretreatment, and final disposal systems
design. Table 6-6 provides a comparison of the tank core composite values with the Organic

-Data Quality Objective Criteria.

. Determine the overall waste energetics and properties governing waste reactivity
behavior in the tanks.

* Determine the spatial distribution of .Cs and 90 Sr.

Determine the concentration of TOC and the speciation of organics present in the
waste.

vatNsf ,gner~aI acriarin, .......... ffr g yiaeheliuaw, d
radiological analytes.

Table 6-6. Data Quality Objective Decision Limits for Organic Tanks. (Babad 1994)

Analyte Decision threshold Tank result

TOC (Dry wt%) > 5 wt% (dry basis) 1.3 wt% (tank)
4.1 wt% (Core 33, Seg.-2)

Moisture content (wt%) < 17 wt% 76 wt%

Presence of organic layer Yes/No No

Tank temperature (0 C) 190 *C -16 
0C

Total fuel content -125 cal/dry g In excess of -215 cal/dry g

Further analysis and secondary analytes for _measurement were found to be unwarranted- for
the tank composites; however, the first two segments of core 31 and three segments of
core 33 will undergo additional study. The results from this series of assays will be
incorporated into the-revision-of-this characterization report as they become available.
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7.0 QUANTITATIVE/STATISTICAL INTERPRETATION OF THE DATA

This section contains the results of the statistical analysis of data from two core samples
obtained from tank 241-T-111. Section 7.1 contains a description of the core-sample data
used in the statistical analyses and some general observations regarding the data. Section 7.2
contains mean concentration estimates, and the associated 95 percent CIs, for each of the
analytes in tank 241-T-1 1 waste. Section 7.3 contains estimates of the spatial variability
(variability betweenores).and -estimates-of th n from th Co composite data
in tank 241-T-111. Further information can be found in Jensen (1994).

Two types of analytical error were estimated from the core composite data: variability
between- composite samples within-the same core -and variability-between the primary and
duplicate analyses within-eachircore-composite sample. -Estimates of the analytical
measurement error were used to test the significance of the spatial and compositing
variability. Spatial variability was significant (i.e. substantially greater than zero at the
0.05 significance level) in 40 out of 79 analytes in the tank. The compositing variance was
significant for 38 out of the 79 analytes.

7.1 APPROACH

Ceres 4'-and 33 were the two valid core samples taken from tank 241-T-111. The segment
recoveries for each core were given previously in Section 4. Two core composite samples
were-madefor each core from the homogenized solid segment waste. Primary and duplicate

:. r. -

IC-Z UWtere ObtaIXec rrom each core composite.

The ICP acid digestion, ICP fusion dissolution, ICP water leach, IC water leach analyses,
selected radiochemistry, and other GEA were performed on all composite core samples.
These were the analytical results used in the statistical treatment of the data. In the tables in
Appendix B, the data are identified by the analysis method, the type of dissolution, and
analyte; e.g., the notation ICP.a.Al refers to aluminum, acid digestion, and an ICP analysis.
The core composite sample results used also are contained in Appendix B, together with
ratios of the mean of each sample and duplicate divided by the detecdon limit for that pair.
The data package for tank 241-T-1lI (McKinney et al. 1993) contains a complete report of
the sample results along with the laboratory quality control data. The core composite data
for each analyte are illustrated in Appendix B.

Statistics were calculated for analytes with concentrations greater than 10 times their
detection limits (DL). Personnel within the TWRS Information Management Systems have
identified a list of analytes that have exception to this rule. Table 7-1 lists the analytes
specified. Statistics were calculated for the analytes from this list if the concentrations were
greater than-three times their DL. For a number of analytes, the concentrations of some
samples were greater than a particular limit (3 or 10 times the DL), while the other samples
were less than that limit. In these cases the statistics were calculated using all of the data
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whether it was above or below the particular limit (3 or 10 DL). The above rules do not
apply to alpha orbetaigaxnma counting methods. The rati-- (mean/DL) reported in
Appendix B are provided to show how large the analyte concentrations are relative to
the DL.

Table 7-i.

Aluminum
Bismuth
Calcium
Chromium
Iron
Silicon
Sodium
Zirconium

Special Analyte List.

A close examination
core composite data:

ICP.a.Co:

of the figures in Appendix B reveals several outlier data points in the

The primary result for core 31, composite 2 of 11.7 ug/g is over three times the
duolicate result. The other results for ICP.a.Co all fall in the range 2.7 ug/g to
3.8 ug/g. The detection limit for ICP.a.Co is 0.8 ug/g.

ICP.a.Cu: The duplicate result for core 31, composite 2 of 127 ug/g is about four times the
primary result of 31.7 ug/g. The detection limit for ICP.a.Cu is 0.4 ug/g.

NO 2 : Both the primary and duplicate results from composite 2 of core 31 are about
half the results for core 31, composite 1. The average of the results for core 31,
composite one is 952 ug/g; the average for composite two is 525 ug/g. The
detection limit for NO 2 by water digestion spectrophometric analysis is 50 ug/g.

7.2 MEAN CONCENTRATION ESTIMATES

One of the tasks outlined as part of the waste characterization effort (Bell 1993, Winters
et al. 1990a, Winters et al. 1990b), is to estimate the constituent inventories in the waste.
The inventories are estimated by computing mean concentrations and 95 percent CIs on the
mean concentrations for each constituent. The estimate of the inventory and CI on the
inventory of an analyte in the tank are equal to the corresponding mean concentration
estimates and CI multiplied by the volume of waste in the tank.

7-2
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7.2.1 Stotkstiol Moth ds

The concentration estimates are given in the form of 95 percent CIs on the mean
concentration. It is assumed that each sample and its duplicate are analyzed independently of
one another. The two analytical results are used to estimate the analytical measurement
error. Because of the hierarchical structure of the data, the analytical measurement error
alone is not the appropriate error term to use in computing the CIs. A linear combination of
the analytical measurement variance and the spatial variance is the appropriate variance of
the mean for-the Cs. Appendix B contains a description of the statistical model and
formulas used to calculate estimates of the mean, variance of the mean, and the CI on the
mean.

7.2.2 Statistical Results

Table 7-2 contains the summary statistics by analyte for ICP acid digestion, ICP water leach,
ICP fusion dissolution, IC, and selected radiochemical and physical analyses. The summary
statistics are as follows:

Y mean of the concentration data

&2(Y) estimated variance of y'

-df degrees of f.r.edma

95% LL lower limit to the 95 percent CI on the mean

95% UL upper-limit to the-95-percent Ci on the mean.

For some analytes the lower confidence limit (95 percent LL) was negative.
concentrations are greater than or equal to zero, any negative 95 percent LL
eeual to zero.

Because
values were set

The CIs in Table 7-2 are wide relative to the range of the data. The CIs are wide because
only-two-cores were used to estimate the spatial variability. A minimum of two core
samples is needed to estimate a tank's spatial vaiability.
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Table 7-2. Concentration Estimate Statistics. (4 pages)
(Units pg/g Except Radionuclides pCi/g)

Analyte y 1 2(g) df 95% LL 95% UL

ICP.a.Ag - 1.26E+I02 7.86E+03 1 0.00 1.25E+03

ICP.a.A1 5.41E+02 1.06E+04 1 0.00 1.85E+03

ICP.a.B 2.80E+01 7.56E+00 1 0.00 6.30E+01

ICP.a.Ba 6.90E+01 6.46E+01 1 0.00 1.71E+02

ICP.a.Bi 2.59E+04 6.38E+06 1 0.00 5.80E+04

ICP.a.Ca 1.88E+03 2.12E+05 1 0.00 7.72E+03

ICP.a.Cd* 5.80E+00 3.03E+00 1 0.00 2.79E+01

ICP.a.CoO 4.30E+00 1.63E+00 1 0.00 2.05E+01

ICP.a.Cr* 1.98E+03 1.63E+04 1 3.57E+02 3.60E+03

ICP.a.Cu 3.35E+01 3.53E+02 1 0.00 2.72E+02

ICP.a.Fe i.85E+04 1.21E+06 1 4.55E+03 3.25E+04

ICP.a.K 1.14E+03 2.24E+03 1 5.34E+02 1.74E+03

ICP.a.La 4.22E+03 3.OOE+05 1 0.00 1.12E+04

ICP.a.Mg -- -- 3.77E+02 I 6.36E+03 1 0.00 1.39E+03

ICP.a.Mn 6.33E+03 2.68E+04 1 4.25E+03 8.41E+03

ICP.a.Na 3.69E+04 1.56E+06 1 2.10E+04 5.27E+04

ICP.a.Ni 1.32E+02 5.12E+02 1 0.00 4.19E+02

ICP.a.P 1.03E+04 1.21E+05 1 5.90E+03 1.47E+04

ICP.a.Pb 3.47E+02 2.64E+04 1 0.00 2.41E+03

ICP.a.S 1.21E+03 1.06E+03 1 8.OOE+02 1.63E+03

ICP.a.Si 4.69E+02 9.17E+02 1 8.40E+01 8.54E+02

ICP.a.Sr 3.OOE+02 3.75E+02 I 5.39E+01 5.46E+02

.TC' i.%E+01 1.39E+02 1 0.00 1.69E+02

ICP.a.V 1.45E+01 6.58E+00 1 0.00 4.71E+01

ICP.a.Zn 6.50E+01 6.46E+02 1 0.00 3.88E+02
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Table 7-2. Concentration Estimate Statistics. (4 pages)
(Units ug/g Except Radionuclides pCi/g)

Analyte y 82(g) df 95% LL 95% UL

ICP.f.Ag 1.28E+02 8.05E+03 1 0.00 1.27E+03

ICP.f.Al 5.70E+02 9.70E+03 1 0.00 1.82E+03

ICP.f.Ba [646E0--G1 -2.45E+01 1 1.73E+00 1.28E+02

ICP.f.Bi 2.36E+04 9.08E+06 1-- 0.00 6.18E+04

ICP.f.Ca* 2.42E+03 8.27E+04 1 0.00 6.07E+03

ICP.f.Cd* 8.12E+.-'- 1.76E +00 1 0.00 2.50E+01

ICPf.Cr 1.80E+03 I.56E+03 1 1.30E+03 2.30E+03

ICP..Cu 2.93E+01 3.56E+01 1 0.00 1.05E+02

ICP.f.Fe 1.80E+04 4.05E+06 1 0.00 4.36E+04

ICP.f.La 4.11E+03 3.08E+05 1 0.00 1.12E+04

ICP.fMg 3.55E+02 7.31E+03 1 0.00 1.44E+03

ICP.f.Mn 6.28E+03 1.88E+04 1 4.54E+03 8.02E+03

iCP.f.Na 3.70E+04 6.OOE+06 1 15.82E+03 6.81E+04

ICP.f.Ni 8.14E+03 6.41E+06 1 0.00 4.03E+04

ICP.f.P 1.04E+04 8.42E+05 1 0.00 2.21E+04

ACP-f;Pb* 3.65E+02 9.38E+03 1 0.00 1.60E+03

ICP.f.S 1.23E+03 1.13E+04 1 0.00 2.58E+03
.IC! fS....... 5~E.OrI5.412+04<' 1 i.71E+t 862E-o

ICP.f.Sr 2.98E+02 6.24E+01 1 1.97E+02 3.98E+02

ICP.f.Ti 4.79E+01 6.09E+02 1 0.00 3.62E+02

ICP.f.Zn* 1.06E+02 7.17E+00 1 -7.22E+01 1.40E+02

ICP.w.Al 1.09E+01 5.75E+00 1 0.00 4.14E+01

ICP.wBi 2.02E+-02 2.40E+03 v 0.00 8.24E+02

ICP.w.Ca* 6.16E+01 3.32E+01 1 0.00 1.35E+02

ICP.w.Cr--- 2.18E+02 2.45E+01 1.55E+02 2.81E+02

ICP.w.Fe 1.28E+02 3.IE+02 1 0.00 3.52E+02
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Table 7-2. - Concentration Estimate Statistics. (4 pages)
(Units pg/g Except Radionuclides uCi/g)

Analyte y.U) df 95% LL 95% UL

ICP.w.K 7.19E+02 1.54E+03 1 2.21E+02 1.22E+03

ICP.w.La* 1.10E+01 1.42E+01 1 0.00 5.89E+01

ICP.w.Mg* 3.64E+00 5.45E-02 1 6.75E-01 6.61E+00

ICP.w.Mn 2.47E+01 2.36E+01 1 0.00 8.65E+01

ICP.w.Na 3.30E+04 2.44E+06 1 1.31E+04 5.28E+04

ICP.w.P 5.68E+03 3.24E+04 1 3.39E+03 7.97E+03

ICP.w.S 1.15E+03 2.38E+03 1 5.29E+02 1.77E+03

ICP.w.Si 5.72E+02 5.35E+03 1 0.00 1.50E+03

IC.w.Cl- 4.50E+02 1.11E+03 1 2.56E+01 8.74E+02

IC.w.F- 2.30E+03 6,46E+05 1 0.00 1.25E+04

IC.w.NOf* 8.97E+02 2.1OE+04 1 0.00 2.74E+03

IC.w.NO3 4.12E+04 7.77E+06 1 5.82E+03 7.67E+04

IC.w.PO 1 .55E+04 1.53E+06 1 0.00 3.13E+04

IC.w.SOt 3.54E+03 2.85E+04 1 1.40E+03 5.69E+03

GEA.Am-241* 4.24E-02 2.61E-06 I 2.19E-02 6.29E-02

GEA.Co-60 3.64E-04 2.68E-10 1 1.56E-04 5.72E-04

GEA.Cs-137 -- I.66E-0i 3.35E-03 1 0.00 9.02E-01

Gross.alpha 3.73E-01 1.96E-04 1 1.95E-01 5.51E-01

Gross.beta 1.51E+01 3.48E+01 1 0.00 9.OOE+01

TGA.Percent.H 20 7.65E+01 2.23E+01 1 1.64E+01 1.37E+02

NO 7.93E+02 8.76E+03 1 0.00 1.98E+03

Percent.H20- - 7.60E+f0I 5.SE-0I 1 6.63E+01 8.57E+01

Pu-239/240 1.39E-01 9.19E-06 1 1.OOE-01 1.77E-01

Sr-90 5.41E+00 3.53E+00 1 0.00 2.93E+01

TOC* 3.12E+03 3.83E+05 - 00 _ 1.OE+04-

Tc-99* 7.92E-03 8,90E-06 0.00 4.58E-02
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Table 7-2. Concentration Estimate Statistics. (4 pages)
(Units pg/g Except Radionuclides pCi/g)

Analyte 9 ZV(y) df 95% LL 95% UL

U* 2.79E+03 2.01E+05 1 0.00 8.50E+03

pH 9.98E+00 7.79E-03 1 1_18.86E+00 1.1IE+01

*: --Analytes with a pottion of the data below 3 times the DL.
*: Analytes with a portion of the data below 10 times the DL.

7.3 COMPARISON OF THE VARIANCE COMPONENT ESTIMATES

Using the hierarchical structure of the core composite data, estimates of the between-core
spatial variability, the compositing variability, and the analytical-measurement variability can
be obtained. The spatial variance is a measure of the variability between cores. The
compositing variance measures the variability between composite samples within the same
core. The analytical-measurement variance is a measure of the difference between the
analytical results from the sample and duplicate samples. This variance includes, among
-other things, the-sample handling error--and the chemical analysis error.

The estimate of the variance of the mean is a linear function of the spatial, compositing, and
analytical-measurement-variances. To-help -evaluate the-magnitude-of these three variance

ompuneIHUS, esifmates of each variance component are given.

7.3.1 Statistical Methods
Estimates of the spatial vfrn,-an (2(V\ n) ,nnrstinn vrnc.e (2(C)), d

*k-~ ~ x7 Y \ / VdL±4JLLC W.-fl and
analytical-measurement variance (&2(A)), were obtained for each analyte using restricted
maximum likelihood estimation methods. Restricted maximum likelihood estimation is
discussed by Harville (1977).

To test the significance of the variance components, an analysis of variance (ANOVA) was
calculated using-the hierarchical statistical model described in Appendix B. The mean square
error terms in the ANOVA table were used to perform an F-test on the spatial variability and
the composite variability. The p-values given in Table 7-3 were derived from the results of
these tests.
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7.3.2 Statistical Results

The restricted maximum likelihood estimates of each component of variability along with the
p-values (significance level) from the F-tests also are given in Table 7-3. P-values less than
0.05 indicate that A(S) or a(C) is significantly different from zero at the 0.05 significance
level.

The p-values from the tests on a(S) were less than 0.05 for 40 out of the 79 analytes in tank
241-T-111 waste. Thus, for these 40 cases, differences between the results in the two cores
were statistically significant". The p-values from the tests on A(C) were less than 0.05 for
38 out of the 79 analytes in tank 241-T-Ill waste. This indicates that, relative to the
analyticatcrnorifferencesbetwecn-qmppe ,samples were significantly greater than zero
in 38 cases. Conversely, for 41 out of 79 cases, differences between composite samples
were not statistically significant. The number of analytes (and the amount that they
contribute to the waste) for which A(S) and o'(C) were statistically significant further
suggests that the waste is heterogeneous.

7.4 MASS BALANCES

A method to help ensure the data are consistent and reasonable is to perform a mass and
charge balance on the corncomposite sample data. This activity -is a-rough quality-control
check and provides-insight o some-of-the properties of the matrix. To do this, the
assumption in performing the mass balance is that the anions, cations, and water are all
associated in some manner, but the exact chemistry of the association is not considered.
Analytes contributing less than 0.2 weight percent, generally trace ICP analytes,
-AA-azaytes, and radionuclides, are considered negligible in this assessment. The assays that
will contribute analytes to the mass balance are ICP acid or fusion (whichever gives higher
quantitation), IC, TOC, and the gravimetric weight-percent water measurement.

Without considering the physical and chemical properties of the waste matrix and the context
of the process history, the mass balances produced from these assays may be biased low.
However, this bias is expected because it is known that there are analytes present that were
not measured in the analysis of the samples. The IC anions only measure the water-soluble
components; there is a substantial insoluble residue that must contain additional anions. Bias
may be impacted substantially by chemical form, accountability, and variability in oxide or
hydroxide content. Assumptions regarding the chemical combination of some of the analytes
will be made and inserted into the mass/charge balance, presented in Table 7-4. Generally,
this consists of assuming that some analytes are precipitated as an oxide or hydroxide, and
that the shortfall indicated from the charge balance in microequivalent [pequ.] is present as
one of those two analytes.

"Statistically significant for the purposes of this analysis means substantially greater than
zero at the 0.05 level of significance.
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Table 7-3. Variance Components Estimates. (3 pages)

- TnSt: -C) Test:

Analyte (S) (S)=0 (C(C)=0 2(A)

p-value p-value

P.aAg -1.56E+04- F .0Y -. 94E+&2 0.000 3.16E+00

ICP.a.Al 1.89E+04 0.055 4.79E+03 0.000 1.06E+01

ICP.a.B 1.25E+01 0.093 9.28E-01 0.387 8.59E+00

ICP.a.Ba 6.91E+01 0.263 1,20E+02 0.000 3.54E-01

ICP.a.Bi 1.27E+07 0.000 6.25E+03 0.360 3.75E+04

ICP.a.Ca 4.10E+05 0.010 2.17E+04 0.074 9.95E+03

ICP.a.Cd* 5.96E+00 0.004 1.90E-01 0.039 5.34E 02

_C__C - 8.92E-01 0.376 8.08E--01 -0.389 7.84E+00

ICP.a.Cr 3.17E+04 0.007 1.36E+03 0.081 6.75E+02

ICP.a.Cu 3.39E+02 0.29n -1.67E+02 0.369 1.14E+03

ICP.a.Fe 2.33E+06 0.013 1.55E+05 0.063 6.25E+04

ICP.a.K 2.45E-24 0.911 8.86E+03 0.000 1.75E+02

ICP.a.La 5.91E+05 0.003 1.63E+04 0.019 2.88E+03

ICP. a.Mg 1.25E+04 0.005 5.18E+02 0.001 1.58E+01

ICP.a.Mn 2.97E+04 0.254 4.29E+04 0.030 1.OOE+04

ICP.a.Na 2.76E+06 0.057 6.73E+05 0.016 1.05E+05

ICP.a.Ni 1.02E+03 0.000 6.13E+00 0.091 3.38E+00

ICP.a.P 2.37E-22 0.608 477E+05 0.000 1.25E+04

tCP.a.Pb 5.20E+04 0.003 1.41E+03 0.000 1.91E+01

ICP-.a.S- 1.11E+03 0.268 1.94E+03 0.003 1.25E+02

ICP.a. 2.57E-31 0.946 7.61E-14 0.418 7.34E+03

ICP.a.Sr 6.38E+02 0.079 2.18E+02 0.004 1.54E+01

ICP.a.Ti, -Z75F+02- - 0.001 4.69E+00 0.000 7.83E-02

ICP.a.V 1.83E+00 0.423 2.25E+01 0.000 2.30E-01

1CPrD.Zn 1.22E+03 0.021 1.35E+02 0.008 1,42E+01

ICP.f.Ag 1.61E+04 0.000 6.23E+00 0.295 1.83E+01

ICP.f.Al 1.90E+04 0.005 6.78E+02 0.030 1.57E+02
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Table 7-3. Variance Components Estimates. (3 pages)

Analyte
Test:

a2(S)=O
p-value

Test:
o(C)=0
p-value

_________________________________________ I -.-- I 4 t

ICP.f.Ba 3.99E+01 0.102 1.71E+01 0.012

A2(A)

2.19E+00

ICP.f.Bi 1.81E+07 0.001 2.88E+04 0.392 2.94E+05

ICPf.Ca* 1.51E+05 0.008 2.07E-19 0.804 5.86E+04

ICP.f.Cd* 2.17E+00 0.126 1.21E-20 0.649 5.38E+00

ICP.fCr 3.72E-15 0.994 5.63E+03 0.013 1.21E+03

ICP.f.Cu* 6.97E+01 0.005 2.OOE+00 0.119 1.43E+00

ICP.f.Fe 8.OOE+06 0.003 1.68E+05 0.079 8.13E+04

ICP.f.La 5.96E+05 0.010 3.82E+04 0.012 4.98E+03

1CP.f.Mg i.46E+04 0.000 5.15E-44 0.913 1.60E+02

ICP.fMn 1.66E-11 0.553 7.02E+04 0.011 9.70E+03

ICP.f.Na 1.17E+07 0.007 5.43E+05 0.044 1.65E+05

ICP.f.Ni 1.17E+07 0.033 4.18E-12 0.498 4.39E+06

ICP.f.P 1.57E+06 0.028 1.95E+05 0.049 6.45E+04

ICP.f.Pb* 1.85E+04 0.003 4.35E+02 0.030 1.02E+02

ICP.f.S 2.15E+04 0.017 2.OOE+03 0.008 2.13E+02

ICP.f.Si 1.06E+05 0.005 1.OOE+03 0.369 6.83E+03

ICP.f.Sr - 6.12E-16 0.661 1.15E+02 0.222 2.69E+02

ICP.f.Ti 1.22E+03 0.000 2.66E-01 0.331 1.12E+00

ICP.f.Zn* 5.69E-23 0.440 1.10E-22 0.839 5.74E+01

ICP.w.AlO 7.35E+00 0.208 6.93E+00 0.061 2.72E+00

WCPw.Bi 3.90E+03 0.102 1.30E+03 0.123 9.66E+02

ICP.w.Ca* 1.86E-11 - 0.144 1.69E-22 0.862 2.66E+02

ICP.w.Cr 5.66E-20 0.979 9.52E+01 0.001 5.62E+00

ICP.w.Fe 6.16E+01 0.436 9.05E+02 0.077 4.29E+02

ICP.w. 2.28E+03 0.148 1.57E+03 0.001 4.73E+01

ICP.w.La* 2.71E+01 0.015 1.34E+00 0.226 2.23E+00

ICP wMp* 3.04E-21 0.597 1.61E-01 0098 1.14E-01_________ 0______________________ ______________________ ___________________6______________________-
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Table 7-3. Variance Components Estimates. (3 pages)

Test: Test:
Analyte i (.)=n &(C) o2(C)=0

p-va e p-vaie - '

JCP.w.Mn 2.51E+01 0.266 31 19E+O1 0.130 2.5-1-B+01

ICP.w.Na 4.53E+06 0.030 6.84E+05 0.002 2.88E+04

ICP.w.P
ICP.w.S

3.98E+04

3.95E+03

0.222

t 091

3.94E+04

1.50E+03

0.089

0.014

2.13E+04

2. 13E+02

ICP.w.Si 8.53E+03 0.113 1.98E+03 0.272 4.72E+03

LCw.Cl -99E03 -0 .041  1.15E=10 0.509 9.66E+02

IC.w.F 1.28E+06 0.001 1.37E+04 0.102 8.44E+03

IC.w.NO,* 3,99E+04 - 0.015 5.22E-16 - - 0.510 8.64E+03

IC.w.NO -142E+07 0.038 2.46E+06 0.013 3.44E+05

IC.w.PO 2.59E+06 0.082 8.54E+05 0.030 1.99E+05I W.Q5.27+04 0.032 7.04E+03 0.071 3.14E+03

GEA.Am-241* 2.99E-32 0.786 8.13E-06 0.062 4.59E-06

GEA.Co-60 3.58E-10 0.046 5.14E-36 0.813 7.12E-10

GEA.Cs-137 6.61E-03 0.003 1.87E-04 0.000 1.88E-06

Gross.alpha 3.42E-04 0.065 7.74E-05 0.098 4.58E-05

I Gross.beta 6.93E+01 0.000 3.14E-01 0.026 6.62E-02

TGA.%.H 20 3.17E+01 0.008 3.78E-33 0.935 5.18E+01

[N& 1.92E-14 0.789 3.46E+04 0.000 9.50E+02

Percent H20 8.99E-01 0.128 2.55E-01 0.259 5.46E-01

Pu-2339/240 2.49E-28 0.736 2.01E-05 0.171 3.33E-05

Sr-9u .04E+00 0.000 1.79E-02 0.209 2,61E-02

TOC* 6.10E+05 0.113 2.98E+05 0.006 2.72E+04

Tc-99Qa 1.76E-05 0.001 2.63E-07 0.027- 5.75E-08

U* 6.24E-06 0.831 7.91E+05 0.001 2.99E+04

pH 7.11E-28 0.601 3.06E-02 0.001 1.19E-03

*: Analytes with a portion of the data below 3 times the DL.
*: AnaaytES witn a portion of the data below 10 times the DL.
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Table 7-4. Core 31 and Core 33 Mass and Charge Balance. (2 pages)

Core 31 Core 31 Core 33 Core 33 Core
Aayeaverage - charge avenage charge 3 1/33
A concentration I Concentration (pequ/g) RPD

Cra2 2,710 135.50 2,140 107.00 23.51

Cr*3  1,850 106.73 2,100 121.15 -12.66

Fe. 2  20,100 717.86 16,000 571.43 22.71

Mn*4  6,160 448.00 6,400 465.45 -3.82

Na+ 39,400 1,713.04 34,600 1,504.35 12.97

Bi+3  23,500 1 337.32 28,500 409.09 -19.23

Ija+3 3,670 79.21 4,770 102.95 -26.07

Si+4 5,900 842.86 5,440 777.14 8.11

U+6 3,820 96.30 3,280 82.69 15.21

PO4 30,100 -950.53 31,700 -1001.05 -5.18
o4-,2. 3,650 -76.04 3,460 -72.08 5.34

NOf 44,100 -711.29 38,500 -620.97 13.56

F 3,110 -163.68 1,500 -78.95 69.85
TOC 3,740 -85.00 2,500 -56.82 39.74

Anion reconciliation

O2P 17,116 -21139.50 16,926 -2,115.75

-OH 5,965 -350.88 3,325 -195.59

Water content

H20 735,000 0 790,000 0 -7.21
H20 Calc. 785,109 0 798,859 0 -1.74
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Table 7-4. Core 31 and Core 33 Mass and Charge Balance. (2 pages)

Core 31 Core 31 Core 33 Core 33 Core
Analyte average charge average charge 31/33

c (rgig ) - ( e q u /g ) (j = g/g) (p e q u /g ) R P D

Total 949,891 -0.10 991,141 0.05

Percent -5.01 -0.89
difference*

Ot: Represents the overall mass and charge of oxygen added to manganese,
uranium, silicon, TOC, and chromium as part of theassumptions-given in Section
7.4. This notation is not meant to imply actual chemical form.
OH-: Represents hydroxide amount calculated to reconcile charge balance
NOTE: Neither of these analytes (oxygen or OH-) are analytically determined.

Relative Percent Difference (RPD) =
Core 31 value - Core 33 value
Core 33 value+ Core 33 value)

2

x 100

*Percent difference is determined from a Total of 1.OE+06-R i.e.,
g

Percent Difference = sum of analytical values in a core - 1,000,000
1,000,000

A significant source of error can be reduced-by assuming all phosphorous is present as P04 '-.
The water digestionICP values for phosphorous (converted to -PO)-and-PO values from

... ,ti of soluble to,' insolubleo
the IC aree well. THe ratio of soluble to insoluble phosphorous (taken as phosphate)
indicates that it is only about 50 percent soluble. The process history of the tank also
indicates that large amounts of phosphate were used to encourage precipitate formation.
Therefore, an assumption that the phosphorus determined by ICP in the fusion acid/assay
(and converted to phosphate) represents -total P0 is nt nwarranted. The phosphorus in
the ICP fusion assay is converted to-P04 -and added to the other anions in the charge
balance. This step-will avoid double counting in the mass and charge balance calculations.

The following other assumptions will be made for the purposes of simplifying the
calculations: manganese is assumed present as MnO 2, uranium is present as U0 2(OH) 2,silicon is present as SiO3 TOC as C20 4

2 - and chromium as Cr2 03. These forms are not the
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only likely speciation of the analytes; however, the waste matrices are too complicated to
represent every possible, or even probable compound present.

In the case of these waste materials, the disparity between the gravimetric water
measurement and the TGA water content suggests (1) drying of the sample before the
gravimetric assay; (2) incomplete drying during the gravimetric test, which biases the results
low; or 3) one or more endothermic events occurring in the same temperature range
(chemical reactions or phase transitions resulting in the loss of mass). One or more of these
factors may be responsible for the observed trend. However, in this case, the analytical
results and chemical assumptions that were made with regard to the waste matrix reconcile
well.

7.5 SUGGESTED COMPONENTS OF WASTE MATRIX

The actual composition of the waste matrix is quite complex and trace amounts of various
compounds probably exist in the tank. However, with some simple assumptions regarding
how the anions and cations will combine, a list of the most probable compounds that exist in
the waste matrix and contribute significantly to its overall makeup can be developed.

Table 7-5 is a condensed version of a more general chart found on page D-147 in the
Handbook of_ Chemisy and -Physics -64 Ed. (Weast 1984). it provides solubility data on
some of the most common anions and cations. The oxidation state shown in the table for the
cations is the most stable. However, precipitates may form for multivalent cations under
varying conditions, and so precipitates are reported as likely, if conditions and anions in the
assessment of the analyst warrant it.

From the chromatographic data, suspected solubility behavior, and process information,
chloride, nitrite, and carbonate will not be significant mass contributors to the waste matrix.
Sodium, S042, and NO are highly soluble, and thus probably do not contribute much to the
insoluble solids. However, they contribute significantly to the overall solids content of the
waste (dissolved + insoluble solids). Phosphorous is one of the most prevalent analytes, is
approximately 50 percent soluble, and contributes substantially to both the soluble and
insoluble solids. No analytical measurement of hydroxide was made for the solids (although
there was an OH- assay of the grab sample), but it is known that in the process history of
tank 241-T-lll, basic solutions were added routinely to the tank. The following are likely
candidates for the insoluble solids:

* Bismuth phosphate, BiPO4  . Bismuth fluoride, BiF 3
* Bismuth hydroxide, Bi(OH) 3  . Bismuth trioxide, Bi 203
- Calcium fluoride, CaF 2 * Calcium phosphate, Ca,(PO),
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Table 7-5 Probable Solids in the Waste Matrix.

- NO' Do 3-; S 2 - Si OxideCO4-_____ ]U 4  A(as Sio, 2) 2

Bi*+3 PPT - P tr pp T PPT~

Ca+2  PPT PPT PPT PPT PPT PPT

Cr*3  PPT PPT PPT PPT PPT

Fe* 3  PPT PPT PPT PPT PPT

Na*

Laj PPT PPT PPT PPT PPT

MrPPT' I PPr PPr PPT PPT PPT

u+6 NL PPT PPT NL PPT PPT

PPT = Precipitate forms.
NL = Precipitate formation not likely under tank conditions.

Calcium carbonate, CaCO3
Calcium oxide, CaO
Calcium sulfate, CaSO4

Chromium(l) fluoride, CrF2
Chromium phosphate, CrPO402H20
Chromium dioxide, CrO2
Chromium oxide, Cr 20 3
Iron(III) fluoride, FeF3
Iron(iii) hydroxide, Fe(0H)3
Iron(III) phosphate, FePO4

TL[1211U1 oxide, La 203
Manganese diflouride, MnF 2
Manganese phosphate, MnPO 49H 20
Manganese dioxide, MnO2
Manganese(III) hydroxide, MnO(OH)
Uranyl hydroxide, U0 2(OH) 2

- Calcium chromite, CaCr204
* Calcium silicate, CaSiO 3
. Calcium hydroxide, Ca(OH),
- Chromium(III) fluoride, CrF3
* Chromium hydroxide, Cr(OH) 2

Chromium monoxide, CrO
. Iron(II) fluoride, FeF2
. Iron(II) hydroxide, Fe(OH)2
. Iron(II) phosphate, Fe3(PO 4)2
" Lanthanum hydroxide, La(OH),

Lanthanum fluoride, LaF3
* Manganese triflouride, MnF,
" Manganese hydroxide, Mn(QH),
- Manganese oxide, Mn 304
* Uranyl phosphate, U0 2HP0 4 04H20
* Uranyl sulfate, 2(UO 2SO4)e7H 20.

Insoluble aluminosilicates are suspected of binding the '"Cs. "Sr may be held by several
possible insoluble ionic compounds. There are many more possible and complex compounds
that conceivably could exist in the waste matrix. This list is not meant as authoritative or
exhaustive, and the alkaline nature of the media may substantially alter the phase equilibria
C--for some of these materials. However, it does provide a reasonable starting point for any
further speciation work.
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8.0 CONCLUSIONS

Analyses of the waste show a very small number of analytes comprising a disproportionate
- majority of the waste. -Water is the single largest analyte, making up over 75 percent of the

solids mass. Less than one percent of the total mass of the tank waste is drainable liquid.
Calcium, chromium, iron, manganese, sodium, lanthanum, bismuth, and silicon constitute
approximately 10.7 percent of the solids mass. PO and NO constitute approximately
7.4 percent of the total (i.e. soluble and insoluble) solids mass. The fraction of the total
anions that nitrate and phosphate represent cannot be determined adequately because the

-analytical method mensured only soluble anions and it is known that there are insoluble
oxides andihydroxides that are not assayed at this time. The TOC was measured and found
to be less than 1.3 weight percent (dry basis) in each core and for the tank as a whole.
However, the TOC assay method is believed to biased low for this waste matrix and
individual segment results have been observed to be higher than the bulk value for the tank.

The only significant gamma emitter found in the waste was ' 7Cs, and it was found at very
low levels. No meaningful regional concentrations (hot spots) of radioisotopes or fuel were
detected along the vertical axis in either core. The "'Cs concentration was relatively
rnn Oetw individual. core compositesand their replicates; however, the concentrations
between corei3t and core 33 differed by a factor of 2. In addition, the "Cs concentration
decreased by a factor of nearly 3 as a function of depth between segment I and segment 9 of
core 33. The major source of radiological activity was "Sr, which was also at a very low
level. The bulk waste temperature in the tank, obtained from a thermocouple tree, ranges
between 16 to 20 *C (61 to 68 OF). The radiological activity of tank 241-T-111 waste
material was quite low, ranging from 0.3 to 10 mR/hr, measured through the drill string.
No significantradiological activity was found in the drainable liquid in the tank or in the
wer digesuion of die samples, but radionuclides were liberated readily in the acid digestion
amle preparation, -as indicated from the homogenization data. This suggests that "Sr and
1"Cs are insoluble.

Cores 31 and 33 appear to have a T-Plant process flush disposed on top of 224 waste,
overlying a 2C waste heel. 1

4'Am and 'Cs decrease substantially as a function of depth,
thus their profiles nominally agree with fill histories, although individual batches and process
-upsets can show characteristics contrary to the general trend. These observations are
consistent with the historical information regarding the transfer history, and the ICP element
distribution through the segments. Discernable exothermic behavior was detected in the
upper segments of both cores 31 and 33, even though the magnitude--of-the-exotherms did not
agree with the TOC present. This lack of an identifiable fuel source was attributed to the
inability of the persulfate oxidation method ta adequately quantitate TOG in this waste
matrix. Another hypothesis under investigationisthe potential contribution of an exothermic
inorganic reaction that has not been identified.

Historical data indicated that 2C and 224 wastes were not expected to give anyexothermic
response at all, and curd not create apropagating hazard. This prediction has been upheld
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for 2C wastes as no exotherms were observed. In the 224 wastes, even though some small
-amounts-of oxalate were indicated ii the flowsheets, no reaction was expected. Calculations
of the bulk waste inventory and inventories for several analytes of interest to the various
safety issues [organics (as TOC), NOi, Cs, "Sr, plutonium, and water] were made. The
calculated TOC by weight percent was smaller than the watch list criterion on a bulk basis,
but the energetics results do not reconcile well with that interpretation, and indicate that the
organic content in the tank may be disproportionately partitioned between the upper 100 cm
of waste and the remainder of the tank. However, it is-important-to note that-the organcs
concentration, even in this hypothesized enriched layer, may be too low to support a
self-sustaining reaction in its present state. Reactions were observed only after all water had
been removed from the waste matrix, and water makes up over 75 weight percent of the
waste, providing an enormous heat sink to be overcome before reactions can be initiated.
Bothe historical and analytical data from tank 241 -T- 111 strongly indicate that the waste
lacks the fuel concentration needed to sustain any propagating exothermic behavior or a heat
source-intense-endugh to trigger a reaction. None of the other calculated bulk inventory
values exceeded any level of concern (see Table 8-1).

Experimental and analytical evidence from tank 241-T-111 waste suggests the risk from
organic compounds in this particular Hanford-Site high-level waste tank is acceptable and
that a propagating exothermic reaction under current and near-term tank operating conditions
is not credible.

Table 8-1. Comparison of Tank 241-T-111 Analyte Values to
Safety Issue Criteria.

Analyte Safety issue Calculated/
criteria' measured value

AH (dry basis) -75 cal/g In excess of -215
cal/g

292Pu 50 kg 9.2 kg

Temperature 300 0F (149 C) 16 *C (60.5 0F)
Heat load 11.72 kw 0.08 kw

Organic content 3.0 wt% TOC 1.3 wt% TOC
T ry bOasis) (This result is likely

(10% sodium acetate equivalent) biased low)

'(Lindsey 1986, RHO 1988, Boyles 1992, Reep 1992)
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8.1 RECOMMENDATIONS

The following recommendations are made based on the data and analyses presented in this
report and the goals of the characterization effort.

. Investigate the potential existence of alternate transfer paths from T-Plant.

. Examine more closely the chemical behavior, reactivity, and composition of
Turco decontamination agent.

ontnue to characten.ze t nk A1 -I- 1 sample matrices at PNL.

. investigate the possible kinship between tank 241-T- 111 and other tanks.

* Research and develop improved assay methods for TOC.

. Investigate observed discrepancy for alpha-emitting radionuclides (especially
239/240pu and
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Tank 241-T-111 Core 31 and Care 33 Introduction and Narrative
C

Introduction

The analyses in this data package were performed by the Westinghouse Hanford
222-S Laboratory or the Battelle Pacific Northwest Laboratory (PNL) under the
guidance provided in the 'Waste Characterization Plan for the Hanford Site
Single Shell Tanks" (WHC-EP-0210) -and-the 'Sampling-and-Analysis of Ten-Single
Shell-Tanks" (WHC-SOW-91-0006). The quality control for single shell tanks is
described in appendix - _of WHC-EP-0210. -Additiona-l- support data tan be found

-in appendix I-of NC-EP-010-Laboratory- operations at 222-S are performed
according to the "Quality Assurance Project Plan for the Analysis of Highly
Radioactive Samples in Support of Environmental Activities on the Hanford
Site* (WHC-SD-CP-QAPP-02)_unless superseded- by-the-waste tearacteriation
plan,--appmndix D, the associated SOW, or the Technical Project Plan (TPP).

Tank 241-T-111 (referred to as T-111 in the remainder of this package) is a
single shell tank built in 1944 with an operating capacity of 500,000 gallons.
T-111 received 488,000 gallons of "2C' and *224' type wastes through February
1976, and is classified as EHW (extremely hazardous waste). During early
remediation efforts, ending- in 1-978,nearly 25,100 gallons of liquid was
pumped out of T-ill. _The _ 2C waste was from the second decontamination cycle

-h- e -b4fsmuthospfa-te -recess at the Band plants. This waste consists
of-the I quid remaining after-precipitation of the plutonium. The '224' waste
was from the final decontamination and concentration stage of the bismuth

---phosphate process. In this stage, first the by-products and then the
plutonium are precipitated with lanthanum fluoride. Historical data indicates

-the mjr components and estimated oncentrations of these waste streams are
- -as follows-

Component
04

F
Fe
oxalate
K
La
Mn
Na
nitrate
hydroxide

- phosphate
S ia
-1 ate.uj,

24 (mol/L)
0.0062
0.0009
0.31

0.028
0.26
0.0014
0.0045
1.75
1.06
0.59
0.049

2C (mol/A)
A AA02
0.0025
0.22
0.023

2.04
1.27

0.62

-4
A-1
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Based on prior knowledge, cores from T-111 were expected to contain 8.5
segments. The first segment is normally the partial segment. Three cores
were obtained from T-111 - cores 31, 32, and 33. Core 32 was not analyzed as
the recovered material, all liquid, was considered not representative of the
tank. No drainable liquids were recovered from cores 31 and 33. Drainable
liquids are defined as quantities greater than 25 mL. Less than 25 mL
quantities are blended back into the sample. Homogenization tests were
performed on segments 1, 3, 5, 7 and 9 from core 33. Two composite samples
were prepared for core 31 and core 33. Sample identification is obtained from

-the sample pointi stction-onthe analytical card. A sample from core 31,
segment I ts designated *T11l-C31-Sl. Similarly, a sample from composite 1,
core 33 is designated "T111-C33-CVo, and a homogenization sample from core 33,
segment 5 is designated "T111-C33-SSHO.

All of the segments, with the exception of segment 9 of each core, were a
homogeneous brown-black mud-like material. The bottom half of segment 9 had a
white layer. The homogenization-test for segient 9 used the entire segment
-(both ases) from core33. Additional analysis (acid digest, water digest,
TCP, GEA, TA and IC) were requested for the white layer on material from core
31. This sample is designated T111-C31-S98. All samples from T-111
exceeded the six month holding time limit.

Fifteen samples were sent to fPNL. _ Volatile Organic Analysis (VOA) were
requested on odd numberec segment samples for both cores and rheology on even
numbered segment samples-for core 31. The VOA requested for segment 9 is on
the white phase only. Samples from both comoosites from each core were
submitted for. sentvA, Extractable Organic Halides (EOX), As. Se, Ni-63, Pu
and U isotopic analyses. These samples and the requested analyses are as
follows.

VOA: core 31, segments 1, 3, 5, 7, 9.
care 33, segments 1, 3, 5, 7, 9.

Semi-VGA, LOX, As, Se: core 31, composites 1, 2.
core 33, composites 1, 2.

Ni-63, Pu and U isotopic: core 31, composites 1, 2.
core 33, composites 1, Z.

VOA, semi-VGA: hot cell blank.
field blank.

Rheology & Physical: core 31, segments 2, 4, 8.

The required QC is listed in table 0-i of appendix 0, WHC-EP-0210. In
sumary,-the-requirements are:

- one laboratory control standard per analytical batch,

- one blank per analytical batch,

- one matrix spike per co-re-a-r per matrix change,

- 100 % duplicates on all homogenization test samples and core composite
samPles,

- one duplicate per analytical batch for direct segment -samples,

A-2 -
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------- aduplcate to-verify each detected exotherm for DSC analysis.

The exceptions to the above guidelines are:

- % water Is always ran in duplicate,

-Sr-90-Se-79,-T-99, 1-129; Pu and Am have a spike or carrier added to
each sample, so no additional matrix spikes are required,

- GEA and pH do not require a spike.

- a matrix spike for Np is requested on each sample,

- ICP, HYAA, CVAA, and IC require additional, method specific QC.
Instrument calibration and check standards are run according to
specific procedure protocols.

Sample analysis are repeated at least once if the spike recovery is outside of
100% + 25 Z (providedAh1a1 sike concentration is at least 25 % of the sample
concentration), or the duplicates have a relative % difference greater than 20
% (provided the analytical results are greater than 5 times the detection
limit). If the original problem remains after one re-run, and the chemist has
no- exp-anatlon -or f-ix', additional re-runs are not required. These
situations should be described in the 'Analytical Batch Summary Sheet"
described below. The entire batch does not have to be re-run unless the
standard or blank for the batch failed.

-A-"Characterization Change Notice' was implemented during the T-111 analysis.
-The intent of the form is to document minor changes in analyses and deviations
from the SOW or waste characterization plan. These are attached at the end of
the summary section.

A OChemist's Batch Summary Sheet' form was introduced for T-11I sample
analysis and-ippears at the end of the analytical batch. Since this form was
-itroduced- after analysis started, one may not accompany each_ samol batch.
The intent of this form is to document the chemist's initial data evaluation,
and to provide a means of obtaining descriptive results from the chemist and
czhemical technologist on each sample batch. While not required as part of the
final package, these forms will aid in preparing this narrative and provide
insight into some of the problems encountered during sample analysis.

All analytical data for the package appears in a summary section. The
summaries are lotus spread sheets intended to aid in review of analytical
data, and may not include all of the associated laboratory control standards,

----ats, or laboratory identification numbers (J numbers). The spread sheet
summaries display analytical results, blank data, detection limits, LMCS

--- rec--overies and spike recoveries, and using this data, calculates averages for
duplicates, the relative percent difference between the duplicates, a mass and
charge balance (described below), a ratio of the result to the detection
limit, and various inter-comparisons throughout the summary. Secondary spread
sheets are supplied that compare the core composite and homogenization
duplicate and average results. Since a spike is not required for each sample,
soike data is copied with each associated sample. 'Less than' values are not
used in--any- of-the _oread shetcalculations.

4~1 -,
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All analytical results are 'wet weight' values, based on the actual extrusion
weights. To convert to dry weight, divide the *weight wet valuee by the
weight fraction of solids (100 - %water / 100). All- the preparation blanks
and detection limits are reported In the same units as the sample results by
assuming a typical sample size. This is done to provide a direct comparison
of the background and degree of contamination present in the method to the
sample results. Since-the sample-size is estimated, a oless than' value
provideifor a sample could be slightly lower than the given detection limit
or blank value.

A charge balance is calculated for each core composite sample in the
analytical summary. The charge-balance is -calculated by ratioing the
-equivalent charge of the cations to the anions. As an example, the equivalent
charge of sulfate is calculated as follows:

averace uo/q sulfate
milliequivalent weight of sulfate * 1000

Only the major components are used for these calculations, those with a
concentration greater than 1000 ug/g. The cations used are Ca, Cr, Fe, Mn, K,
Na, Bi, and La from the acid digested ICP results. The anions used are
fluoride, nitrate, phosphate (calculated from the P an the acid digested ICP
result), sulfate- (calculated from the S on the acid digested ICP result), and
-acet-atr (cal-culated from the TOC results). The ratio ranges from 1.3 - 1.5.
Proper incorporation of hydroxide would probably improve these ratios, since
there- Is-a-relatively large uncertainty in the assumed molecular speciation
model.

A mass balance is calculated for each core composite sample in the analytical
summary, using an woxide model' as the basis for the calculations for metals
and the anions were present in their normal forms. The mass balance is the
sum of the weight fractions of the major constituents (those with a
concentration greater than 1000 ug/g). As an example, the weight- fraction
calculation for CaO is-as follows:

f(uolg of Ca * moav-lar- weight of Cao)
(atomic wt of Ca * 1000000)

The components used in calculating the mass balance are Si, Ca, Cr, Fe, Mn,
Na, U, F. nitrate, phosphate, sulfate, water, K, and La. It was assumed that
aI but K, Na, and F were present as oxides. The ratio ranged between 0.93
and 0.96.

SECTION I: EXTRUSION AND SAMPLE DATA

Visual

A summary of the extrusion data, entitled *Physical Properties Summary', is
provided with the segment data. This is a compilation of all the recoveries
for each segment of each core, with an associated percent recovery,
penetrometer reading, and density. Photographs of the extruded segment are
included in the data package. All volumes given that are less than 180 mL
(100 ' recovery) are estimates provided by the hot cell chemist. Segments
marked with an asterisk on the summary sheet were recovered from sample
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containers with the valves left In the "open" position (the waste was thick
enough to remain in the container, even though the valve was not closed).
The eXtrusinVata for core3-t2wil-hbe included in the core 31 package.

Core 316Ua 'fl

Segment 1:

Stgment Zr

Segment 3:

Segment 4:-

Segment 5:

Segment 6:

Segment- -

Segment 8:

Segment 9:

The sampler was almost empty. It contained about 50 mL of
homogeneous, black-brown, low viscous solids. The entire sample
was used in VOA and DSC/TGA sampling. There was a tiny amount of
liquid, not enough to observe characteristics.

The-saper-was-compietaiy full of homogeneous, dark brown to
Malck solIds with the consistency of swamp mud. There were no
drainable liquids.

The sampler was completely full of homogeneous, dark brown solids
-that-had-the-consistency-of swamp-mud. -There-were-no-drainab!e
liquids.

Most-of-the sampler-was-full- of the same dark brown homogeneous
solids. The top 1/8 of the extruder was filled with a more
"liquidy* solids than the rest. There were no drainable liquids.

The sampler was completely full of the same dark brown homogeneous
solids and contained no drainable liquids.

This sampler was empty, the valve was left in the open position.

The-,sampler was completely full of the same dark brown homogeneous
solids and contained no drainable liquids.

The sampler was completely full of the same dark brown homogeneous
solids and contained no drainable liquids.

The sampler was completely full of solids, the same dark brown
solid material at the top, but gradually whitened down the
segment. While the color varied, the consistency of the material
was the same as all the other segments in this core.

Care 32

Segment 1:

Segment 2:

Segment 3:

Contained about 50 mL (58.70 g) of 'dark dishwater grey aqueous'
liquid with about a Z an layer on the surface. There was a layer
of bubbles covering the thin top layer, and adhering to the sides
of the jar. No solids were collected.

Contained about 170 mL (88.35 g) of dark grey liquid with dark
grey particles suspended in the liquid-. There were only minimal
solids (enough for a VOA sample) that had the consistency of loose
mud or pudding and was dark brown/black in color.

Contained 180.90 grams of dark grey aqueous material. No solids
were present. No volume was recorded.
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Segment 4:

Segment 5:

Segment 6:

Segment 7:

Segment 8:

Segment 9:

Contained 182.48 grams of dark grey aqueous material.
were present. No volume was recorded.

Contained 191.05 grams of dark grey aqueous material.
were present. No volume was recorded.

Contained 185.32 grams of dark grey aqueous material.
were present. No volume was recorded.

No solids

No solids

No solids

The sampler was empty, the valve was left in the open posjtion.

The sampler was empty, the valve was left in the open position.

Contained 158,24 grams of liquid, with about 150 mL of aqueous
phase and 8 mL of NPH.

No samples were taken from core 32 as the material was judged to be non-
representative of the material in the tank when compared to cores 31 and 33.

No photographs were taken for segments 1, 3, 4, 5, 6, 7, 8, 9.

Core 33

Segment 1:

Segment 2:

Segment 3:

Segment 4:

Segment 5:

Segment 6:

Segment 7:

Segment 8:

Segment 9:

The sampler was completely full of nearly black homogeneous
solids, and contained no drainable liquids.

The sampler was completely full of the same nearly black
homogeneous solids, and contained no drainable liquids.

The sampler was completely full of the same nearly black
homogeneous solids, and contained no drainable liquids.

The valve was left open on this core assembly. The extruder was
about 75% full-dark bown/nearly black homogeneous solids, and
contained no drainable liquids. Color was slightly lighter than
previous segment.

The valve was left open on this core assembly. The extruder was
about 7/8 full of the same dark brown homogeneous solids, and
contained no drainable liquids.

The sampler was nearly full of the same dark brown homogeneous
solids, and contained no drainable liquids.

The sampler was nearly full of the same dark brown homogeneous
solids, and contained no drainable liquids.

The sampler was nearly full of the same dark brown homogeneous
solids, and contained no drainable liquids.

The sampler was completely full of solids, the same dark brown
solid materia at the top, but the bottom 5-6 inches was light
colored. While the color varied, the consistency of the material
was the same as all the other segments in this core. The segment
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was divided into two parts, one was the bottom 5 inches of the
segment which contained most of the white material. A VOA sample
was taken from the top, and a DSC/TGA taken from the bottom.
These samples were later combined for the homogenization test.

A field blank and a hot cell blank were also taken for T-111.

Sub-samoles for T-111

1he following-numbers-are the ".''
222-S laboratory. The analytical
sample numbers because of the way
Results from other samples should
the data package for that specific

CORE 31

Segmen-t I

Segment 2

Segment 3

Segment 4

Segment 5

Segment 6

Segment 7

Segment 8

Segment 9

3308, 3309

3310

3312

J313, J315

none (empty)

J315, 3316

J317

3318

numbers assigned as tracking numbers by the
batches may contain information from other
the samples were grouped for analysis.
be ignored, since they will be included in
segment.

CORE 33

J319, J320

J321, J323

324

J325

J326. J327

J328, 3329

J330

3331

J332, 3333

CORE 33 (Homog. Tests)

3396, J397, 3398, 3399

NA

3400. J401, J402, J403

NA

J404, 3405

NA

3406, 3407, J408, J409

NA

ALll, '11

Segment 98

Care 31 composite

3412, J413, J414

1 - 415, J416,
J439, 3440,
J465, J466,
3608, j609,
J643

Core 31 comgoslte 2

Core_33-composite -I

Core 33 composite 2

9418, 3419,
J485

j427, J434, 3441, 3450, J459, J467, 3475,

-420,-3421,-3428, 3429, J430,-J435, 3436, J442, -443,
3445, j451, 34S2, j453, J460, J461, 3462, J468, 3469,
3470, 3476, j487, J488, 3489

3 422 - 3 4 23 3 431, 3437, 3446, J454, J463, 3471, J477

A-7 10

NANA

j417,
J447.
3472.
3610,

jA 7A

J448,
J478,
J611,

3425,
J449,
34791
J630,

J426,
J455,
J480,
3631,

J432,
J456,
34931
J632,

J433,
J457,
J606,
J641,

J438,
J464,

3642,
J642,
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Hot cell blank J494, J495, 3496, J498, 3499, 3500, 3502, J503, 3504,
3506, J508, 3513, 3517

SECTION II: SEGMENT ANALYSIS

Thermogravimetric-Analyses and Differential Scanning Calorimetry (DSC) are
performed on every visible phase of the waste, prior to homogenization, to
evaluate the thermal properties of the waste. The TGA results give a measure
of the weight loss with increasing temperature. The result obtained -from TGA
is a weight % water. The TGA % water (percent weight loss at 100 degrees C)
may vary considerably, due to a combination of the small sample size and
sample heterogeneity. The procedure number for DSC, T042 A-01712F, has been
changed to LA-514-113, Rev. A-0. Theprocedura number for TGA, T045 A-00712F,
has been- chantoi [A-S6O-112, Rev. A-0. These procedures are routine
Analytical Operations now, rather than Process Chemistry procedures.

The TGA results were 5-7% higher than the gravimetric wt w water, and ranged
from 70-87%. Where duplicates were ran, there was good agreement, and results
were consistent over all segment samples

% Water

More representative I water measurements are obtained with the gravimetric
measurements, also reported in the summaries. Duplicate % water analysis were
requested for all segment samples. However, the duplicates for segments 2, 3,
4, 5, 8, 9 from core 31 and segments 1, 3, 4, 5, 7, and 9 from core 33 were
not requested until one month after the original samples were run. These
ltter-vaues are added to the summary sheet, but due to the summary sheet
format, the LMCS standard results are not included. The duplicate values for
segments 2 and 4 from core 31 (32.60% and 59.60%) are probably low due to-the
sample drying-out between-analysis; or from a non-homogeneous "soupy sample"
that would cause uneven sampling. There is no more sample for a re-run.
However, the original sample results and the TGA agree quite well. There was
no sample for arduplticate ilialysis of segment 8-from core 33.

DSC is used to identify the potential of exothermic reactions from the waste
upon heating. In all cases, the identified exotherms were 3 to 4 times
smaller than the detected endotherms. The calibration frequency of the
instrument is determined by the chemist and is based on the instrument
performance on laboratory standards.

Core 31: Exotherms were detected on the sample and duplicate for segments 1,
2, and 3. A very small exotherm, nearly an order of magnitude smaller, was
detected for segment 4, and was not verified with a duplicate. No exotherms
were detected for-segments 5, 7, 8, 9, and 98 (the white layer). The
temperature ranges for-the-exotherms were- between-Zoo and 405 'C, with the
energy around 300 J/g. The small exotherm had an energy of 55.7 J/g.

Core 33: Exotherms were detected on the sample and duplicate for segments I
and 2, and only the sample for segment 3. The duplicate did not show an
exotherm. The temperature ranges for the exotherms were from 179 to 438 'C,
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with the energy around 300 Jfg. The exother for segment 3 was small, about
50 Jjg. No exotherms were detected for segments 4-9.

Particle Size

-Partt-l- size a-nalysts- are performed on every segment from every core to
support the evaluation of potential waste retrieval methods. Small aliquots
of the wastes were suspended in a water matrix using sonification before
measuring the partkile _ by-laser-technology.- The dat-a--are--sunmMarized in a
&tli and fouripiots of-probability number and probabili-ty valume -density and

-dtstributlon-graphs. The procedure number for particle size analysis listed
in the Technical Project Plan (W1HC-SD-CP-TP-070, rev 0) is incorrect, and
should be T044-A-01712F.

Penetrometer

- Panetrometer readings- are taken -for -each segment at extrusion. All of the
segments were soft, with readings <100 psi.

Seament 98 (white layer)

In addition to the above analyses requested for each segment, ICP, IC, GEA,
and TA were requested on the white portion of segment 9 of core 31. The
sample was taken after the white layer had been homogenized. The ICP and TA
resemble the homogenized segment data, and the IC resembles the core composite
data. The spike recoveries for the ICP were biased low. There were no
exotherms detectad,-and the -water was 70 %, about S-10 % lower than the
other segments.

General Qomments

Because of the qualitative nature of TGA, DSC, particle size, and penetrometer
analyses, no detection limits or precision and accuracy statements are
required.

SECTION III: HOMOGENIZATION TEST ANALYSES

Introduction

zpstez a esa-pitshave wide rane -of physical characteristics. Methods for
homogenizing waste samples are limited by- their applicability to hot cell
operations and how well they lend themselves to remote operation and
decontamination for reuse. Homogenization tests have been incorporated into
the single shell tank characterization program to obtain estimates of the
errors resulttngfromomogenization teciques-emp-loyed during analysis. The
evaluation of this data will support decisions made using the data and
identify areas where homogenization procedures may be improved.

Homogenization Tests

Homogenization tests are performed on segments. After the segment has gone
through the homogenization procedure, two sub-samples are taken from two
different (t-o/bottom, left/right) locations in the homogenized segment. Each
of the sub-samples are analyzed in duplicate to obtain estimates of the
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analytical error. The differences in the results obtained on the two sub-
samples will provide homogenization error. A statistical analysis (beyond the
scope of this narrative) of the variance must be performed to differentiate
between the analytical and homogenization errors. Each homogenization sample
was analyzed by GEA, ICP, and TA on an acid digested sample. The acid
digestion is-the- same as that- used for normal ICP analysis.

Sub-samples

Homogenization tests were performed on segments 1, 3, 5, 7, and 9 from core
33. See the listing above for the J numbers assigned to the homogenization
samples. The results are compiled in the summaries entitled *T-III
Homogenization Analyses' and 'Homogenization Test Summary'. One spike was
considered sufficient for the homogenized sample data. A comparison of the
RPOD- of the--duplicate results of each sample to the RPO of the averages of
the two samples (see summary) shows virtually no difference for those elements
well above their detection limits. This tank probably is not a good test of
homogenization procedures, as the segment material was very uniform at
extrusion. Even the white material in segment 9 was chemically similar to the
rest of the segments, with the exception of segment 1. Segment I has much
higher concentrations of Mn, Pb, Ag, and Zn when compared to the other
segments, while Si and La are much lower. The spike for the gross alpha on
segment 5 was-consistently high even after several re-runs.

SECTION IV: CORE COMPOSITE ANALYSES

Samole Preparation

Samples are prepared for core composite analyses using an acid and water
digestion, and a KOH fusion. ICP and HYAA are run on the acid preparation,
ICP, IC, nitrite by spectrophotometry, pH, ammonia, TOC, TIC, carbon-14, and
tritium on the water digestion, and ICP and the other radiochemical analyses
on the fusion preparation. The KOH fusion is contaminated with Ni from the
crucibles used. LMCS standards for the acid digestion go through the sample
preparation procedure. Standards for the water digestion and fusion are not
run through the sample preparation procedures.

The IC? data is reported using a CL? software package from WARD Scientific Ltd
(WARDS), and is used to generate the spread sheet summaries instead of the
analytical cards. The calculations on the analytical cards are preliminary
calculations performed by the instrument technician to access instrument
operation and are not used in the final report.

WARDS utilizes the concept of a sample delivery group-soG)- and batches
ztji - 2ni-ca.te,ipnftrumet cbntrol standards, blanks, serial dilutions,
interference checks, and narrative information for each sample group. If the
-resulit is below- the detection limit. theCL? report format will return a 200%
RPD for duplicates and a 100% for serial dilutions. On all pages except the
'duplicate* page (form VI-IN), any values less than the detection limit are
replaced with the instrument detection limit, and should be interpreted as a
'less than' value. The duplicate page (form VI-IN) reports what the
Instrument measures, and may include negative numbers. Since it is this page
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--that Is-used -to enerate the- resu.lt and "result 2"- columns.n the summary
sheets, negative values are included.

on the page in the WARDS package designated "COVER PAGE - IN", the answer to
the third question, *.. .were raw data generated before application of
background corrections?" has been changed to 'no based on the chemist's
interpretation. This change does not affect the data or evaluation of the data
in any of the WARDS packages generated in support of the SST program. The
WARDS package Sample Delivery Group (SOG) number has a 0/*0 suffix, where the
* is ONO for no sample preparation, "WO for water digestion, "F* for fusion,
and 8AO for acid digestion. This was not implemented until after analysis
began on T-111, and so most of the WARDS packages will not have this
identifier. The case narrative provided with each batch flags areas that
would not meet CLP criteria. The WARDS package is configured to report all
elements requested in the SOW except Ti, Th, and U, and report the additional
eiements -B, Ce, L-a -P, Sr, S1 and -Ti-.- Form -I-'IN wil-l not -show negative
results for individual determinations, while Form VI-IN does. The WARDS
results used in compiling the master summaries are taken from the VI-IN form.

ICP analyses are ran on acid and water digests, and a KDH fusion. In the data
summaries for the T-iii package, the preparation blank and the detection limit
values for ICP have been converted from ug/L to ug/g by estimating the typical
sample size and dilution involved in the preparation procedure. The acid and
watertiank and detection limit results (ug/L) were divided by a factor of 10
because the acid and water preparation procedures dissolve approximately 1 g
of original sample in 100 mL of liquid. The fusion blank and detection limit
results were divided by 2, as this preparation procedure dissolves
approximately 0-.S g of sample in 250 mL of liquid.

The units-for the -'SA' column (spike added} -on form -V-IN are "mg/kg" for the
pre-digestion spiked acid sample preparation, and Oug/L' for the post
digestion spiked water and fusion sample preparations. Spike concentrations

--- must-be-at-least 25%-of th sample concentration for proper evaluation.

Failure-cr-iteri for- an entire WARDS package are under development. Since
each 1P_ run gnnerates results for 32 elements, there-will always be a-e
failures _oneach run. These failures are identified in the-narrative
associated with each WARDS package. Failure criteria should be based on the
absolute failure rate of either spikes, duplicates, LMCS standards, and
calibration standards, but tempered by the relative importance of the

-- individualelement that failed. _ For example, LMCS and spike recoveries may be
generally high for Na, Ca, and Fe from contamination of the blank and sample
during preparation, and Si and a from the use of glass containers during

--sample preparation. Spike or LMCS -failures noted for these elements should
not invalidate the entire WARDS package.

-Several factors noted in the WARDS packages for T-ii create low spike
recoveries and were noted by the IC? chemist. Silver recoveries are commonly
low due to the precipitation of Silver Chloride. Poor recoveries of Iron,Magnesium, and Calcium accompany high Preparation Blank values, but the
correlation is poor. Spike failures for major elements are frequently caused
by a high element concentration in the sample. When the added spike
concentration is insignificant compared to the concentration of the element
present inthesample, a failure generally occurs.

A .1
*



WHC-EP-0806
WHC-SD-WM-DP-024 ADDENDUM.2, REV 0

The maJor elements detected by ICP analysis of the acid digestion were Ca, Cr,
Fe, Mn, K, Na, 81, La, P, and S (all greater than 1000 ug/g). Cr and Pb
concentrations (1.86E+3 and 4.75E+2 ug/g respectively) would both exceed the
100 ug/g TCLP limit, assuming 100% leachability. The WARDS package performs
inter-element corrections for Al, Ca, Fe, Mg, and Cr. Calcium and magnesium
contamination often occurs as a result of the powder an the gloves used by
laboratory personnel. The ICP analysis of the fused sample is used to
evaluate the completeness of the acid digestion procedure, and to identify any
actitisolubie compounds-.- The K results in the WARDS package often over
ranges on the fusion, giving the impression that no K was in the sample.
Ratios of the ICP results for major elements appear in the data summaries, and
are used to estimate consistency and speciation. The fusion/acid ratio shows
good agreement for Al, Fe, Na, P and Sr. Si and Ti are an order of magnitude
higher in the fusion, while 81 is slightly higher in the acid digestions.
Based on the ratio of the acid and water ICP data, -about 10 % of the Cr is

-water-soluble (CryI). Most of the Na is soluble, but only 50 X of the
phosphate, and essentially none of the Mn is soluble. There was no La
reported for the water digested composite LMCS standard for core 33, and no Zr
detection limits reported for the core composite samples. The Si results for
ICP on all T-111 analyses are known to be biased low due to an undetermined
interference.

CVAA and HYAA

Cold vapor atomic absorption (CVAA) was used for Hg analyses. The Hg results
for T-111 ranged from 1.02-1.88 ug/g. The spike for core 31 was high (122%)
and low for core 33 (82%). However, both were within the plus or minus 25%
limits. All RPO's were less than 13%. Due to instrument and-sample--matrix
problems, the As and-Se elemental analyses were performed at PNL by graphite
furnice AA.

Anion and Wet Chemical Analysis

Anions were determined on a water digestion of the sample. Ion chromatography
(iC) was used to determine F, Cl, nitrate, nitrite, phosphate, and sulfate.
A11-duplicates were within limits (<20 % RPD) and the results were consistent
aver all the composite sanpls- Post digestion spikes are used because of the
rhigh concentrations of the anions. Nitrate, phosphate, and F concentrations
weretMgh, consistent with the historical data available on T-111 waste.
Spike recoveries were biased low for 3 of the 4 composite samples, but within
the 75-125% limits. The S determined on the acid ICP, converted to sulfate,
agrees very well with the sulfate determined by IC, while the same comparison

-of-P wi-th th-ephosphate shows the converted P a factor of 2 higher than the
phosphate. This indicates that only 50 % of the phosphate is soluble. The pH
is very consistent at about 10, while only "less than* values were obtained
for ammonia. All the TIC results were near the detection limit, with good
reproducibility and spike- recoveries. TOC-results were nearly an order of
magnitude higher ZOOO-3000 ug/g). All analytical units were changed to ug/g
for the data summaries, and may not agree with what is on the analytical card.
All cyantd rasuli cfi-n-d were less- than -values Both the % water and
TGA res-uts were between 75 and 80 % with good precision over all the core
composite samples.

A-12
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Radiochemiica Analysis

Most-of-the radionuclides are determined on-the futtontdue tO th acId
insolubility of actinide and Sr compounds. Tritium and C-14 are determined an

--the-water digestion, and Ni-63 (analyzed at PNL laboratories) is determined on
the acid digestion. There are indications that 1-129 is lost during the
acllfIcatiAo of the fused sample, which will require the development of an
alternate digestion procedure for future work. In the cases where two spike
recoveries are reported in the analytical summaries, one under the other, the
spike recovery is used to correct for chemical yield. The second spike
(bottom) corresponds to the duplicate result. Pu-238 is reported as part of
the Pu-239_analysis, using the spike data from the Pu-239 procedure. Cm-244
would be reported only if seen on the Am-241 mount. The relative counting
error reported is based on gross counts, and will under-estimate the counting
error in those samples close to the detection limit (where the gross counts
-and the background counts are nearly the same). Calibration data for GEA
labeled as detector "14" is data for detector 04',

During calibraton upates, the new calibration file name for individual
detectors have a 'V _added (4 to 14) to avoid erasing the old calibration data
prior to validation of the new calibration data. For T-111, the new
-calibration- file-name was not changed back to '4". Calibration of the alpha
proportional counters (APC) is performed as follows. A standard source is
prepared by the standards laboratory and used to calibratttonetifthe three
detectors._ Since the calibration standard is not durable enough for daily
use, a secondary source is prepared and the d/m value of the secondary source
Is assigned using the calibrated detector. The secondary source is counted
daily on all three APC's and tracked using the LHCS system. The detectors
pass the daily check if the calculated efficiency for each detector is within
50% ± 0.25% (100% Orecovery"). The LMCS data for the APC's and EDP codes are
listed in the "Precision and Accuracy Statement* section.

Poor spike recoveries were obtained for uranium on core 33, but the data
across all the core composite samples was consistent (between 2000-3000 ug/g).

Total- alpha and total et-: RP': were normally under 5% with good recovery on
the -spikes.---The total alpha results were twice the sum of the Pu and Am
results, indicating 1) the potential presence of undetermined alpha emitters,
2) beta cross-talk (unlikely due to the beta activity present), or 3)
incorrect Pu or Am recoveries (incomplete exchange with the spike). This last
scenario Is unlikely due to the consistency of the ratios, and the excellent
agreement between the Am-241 results obtained by gamma spectroscopy and alpha
spectroscopy. The ratio of the total beta to the sum of the Sr/Y and tt-137
results show good agreement (.991 to 1.00) for the activity balance of the
beta emitters. When sample 'J-470" was-rerun for poor spike recovery, a blank
was not included in the analytical batch.

Sr-9Q-spka-recoverin were -consi stetly 90-95%.--Results- for core 31 were
around 7 uCi/g while core 33 was around 3.5 uCi/g. These results vary more
than the elemental Sr results from the fusion ICP, where the results are
consistent across both cares (280-310 ug/g). Tc-99 results were low, within a
fa-tor of 5 of the detection.limits but spike recoveries were adequate (67-
74%_. The results for Se-79, H=3, and C-14 were at or below detection limits,
while spike recoveries ranged from 85-95%. No standard material is available

A-13 16
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for Se-79. The tritium procedure LA-218-113 was changed to LA-218-114 for T-
-111 analysit This procedure uses microdistillation columns in place of the
normal glass distillation equipment.

The-Pu spike recoveries ranged from 50% to 90%, while Am recoveries were poor,
10-20%. No Pu-238, Np-237 orCm-244_were-present above detection levels.
Spike recoveries for-Np-237-werr consistently low at around 70%.

Am-241 and Cs-137 were the only isotopes that were consistently found at
quantifiable concentrations by gamma spectroscopy. No spikes were requested
for gamma spectroscopy. Asstated above, the beta ttivity based on'the Cs-
137 rfsults from gamma spectroscopy agreed with the gross beta determination,
and the Am-241 results from gamma spectroscopy agreed with -the alpha

--spectrnscopy results for Am. 1-129 results were all less than* values,
therefore no counting error couTd be determined. The preparation blank for I-
129 for core 33 was invalid based owspikurecovery-, but was not re-run as all
results were Oless than* values. The spike recoveries ranged from 39% to 57%.

Physical Measurements

OSC, TGA, and weight % water was performed on each core composite. Exotherms
were observed (in duplicate) for both composite samples from core 31, but no
exotherms were observed for core 33. This is not surprising, as the exotherms
were small on the segment analysis and were done prior to homogenization.
TGA and % water results are in the same range as found on the segment samples,
75-85%, with the TGA results being consistently higher than the % water.

TCLP Results

A TCLP extraction was performed on the waste using a TCLP procedure scaled
down a factor of 10 for radioactive samples. The matrix spike was added
before the TCLP extract was preserved and acidifi-d (per SW-846 procedure),
recognfzing that possible precipitation of the spike material could result in
low spike recoveries. In order to meet the duplicate, spike, and blank
requirements of appendix 0, the following sampling and digestion scheme was
used on T-11I. Composite--and Composite 2 from core 31, composite I from
core 33, and a blank were run through the TCLP digestion procedure. The
composite I TCLP digests from core 31 and core 33 were split into two sub-
samales, and one sub-sample from c-h-d-igestiron was spiked with the TCLP
metals. All sub-samples were acidified. Each sub-sample was acid digested in
preparation for analysis, with the unspiked sub-samples from both cores again
prepared in duplicate (split into two samples prior to acid digestion) to
determine analytical error. The composite 2 and blank TCLP digests from above
were acidified, acid digested and submitted for analysis (no spike or
duplicate measurements).

The RP's were high for As, Ba, and Pb, but these analytes were present in
concentrations less than 6 times the detection limit. Cd was the only element
with spike recoveries within acceptable limits (greater than 75 5). A
compart-s-n -of spiking procedures is being performed on the next single shell
tank (C-110). Cr and Se both exceeded the TCLP limit. Good agreement was
obtained for those elements well above the detection limits.
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Field Blank and Hot Cell Blank

Field blanks are prepared by filling a sample container in the field, shipping
it to the labs with the samples, extruding In the hot call and collecting as
drsinable liquids. The hot cell blank is a rinse of the extruder tray. The
required analysis for these samples are ICP, GEA, HYAA (As, Se), CVAA (Hg).
TA, TO, TOC, IC, and VOA and semi-VOA. The raw data for the field blank and
the hot cell blank is included at the end of the core 31 data package. No
duplicate samples or spikes were required on the blanks. The ICP was ran on
direct sample, so no corrections were made on the preparation blanks pr
detection limits. The ICP LMCS standard did not include Sr. There was
insufficient sample for duplicate ICP analysis for the hot call blank.

Hot cell blank: The major -const-i-tuents- in the ICP analysis were Na at 5 ug/mL,
8 at 1.5 ug/mL and Si at 4.75 ug/mL. All the rest were less than 1 ug/mL.
The balance of the analytes determined (F, Cl, N02, N03, S04, P04, As, Se, Hg,
TOC, TA, TO, and GEA) were *less than' values.

Field blank: The major constituents in the ICP analysis for the field blank
were similar to the-hot-cell blank. The Na was at 8.07 ug/mL, B at 1.76
uq/mt; and Si at4.47 ug]r.---The rest- of the constituents were less than 1
ug/mi. Results greater than the detection limits were obtained for F, N03,
and P04 on the IC, TO, and Cs-137 on the GEA. These levels of contamination
are insignificant when compared to the concentrations of these analytes in the
T-111 samples.

Accuracy and Precision Statements

tccurzry and-prectstonetimatefor-the procedures used in analyzing T-111
core samples were compiled from the 222-S Laboratory Measurement Control
System (LMCS) data base over the period of April 1, 1992 through July 22, 1992
(the time period that the samples were ran in the laboratory). The average
percent recovery and standard deviation for each analyte are determined from
multiple analysis of standards containing those constituents. Each analyte
and- analytI-cal--systemhas -a specific- EDP code.----A different- EDP code is used
for each parameter, instrument, method, or standard used in the system. When
more than one EDP code is provided, then more than one analytical system was
monitored. If no data was available for an EDP code for the time frame of
-nterest,-the h-istorical values based on earlier data has been provided. In
these cases, the number of measurements noted as 'no is recorded as *00.
Historical data tyoically is based on 50 measurements.

No standard Se-79 material is available from commercial suppliers of isotopes
for -the prepvation-of a standard. The LMCS standard data for OSC only
indkate-s that an exotherm Is- detected, -and 100 %- recovery is noted. The
results do not reflect errors caused by sample matrices, or special sample
;preparatton procedures used prior to applying some of thnmethods.

A-15
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The accuracy and precision estimates for T-1I1 are as follows.

Method Analyte
ICP
LA-505-151 Al

Sb
As
Ba
Be
Cd
Ca
Cr
Co
Cu
Ft
Pb
Mg
Mn
NI
K
S.
Ag .

Na
V
7

31&I

8
La
P
Si
Sr-
- -

Sn
Ti
Zr
CO

Average
% Recovery

S102
S104
S106
Si 08

-S110
S116
5118
5122
$124
S126
3130
S134
5138
S140
S148
S152
S156
S160
S162
S182
5184
Sl12
5114
S132
S150
51S

5166
S174
S176
S186
S120

46
50
5
35

-50
21
42
56
6
18
39

5 r
30
33
31
37
S
17
49
12
36
23
9
14
31
23

32
9

9
4

96.7
100.2
99.6
96.9
102.3
98.5
96.5
100.3
98.6
96.5
98.5
98.3
98.1
95.0
98.9
99.3
100.1
99.1
96.1
98.9
99.0
100.1
95.8
103.2
96.9
94.4
96.3
100.1
97.1
98.1
101.4
103.9

Relative
Std. Dev. Comments

4.9
3.0
2.5
2.6
3.2
3.5
3.5
3.0
2.0
1.8
2.7
4.7
3.7
2.8
2.7
2.9
4.9
3.5
2.3
1.4
2.4
4.7
3.0
3.0
4.2
5.1
2.2
3.2
4.6
2.2
3.8
1.3

Historical

A-16

j59



WHC-EP-0806

WHC-sD-WM-OP-024 ADOENOUM.2, REV 0

_MP _n_

Average
% Recovery

Relative
Std. Dev.

CVAA
LA-325-102

IC
LA-533-105

SPEC
LA-645-001

TOC/TIC
LA-622-102
L A-344-1AA

Dist/SPEC
LA-69-10
LA-695-102

Hg R716 18 102.8

R974
R972
R978
R068
R976
A-7O

F
C1
N3
N02
P04

NOZ

TOC

.IICM3

Dist/Titrate
LA-634-102 NH3

LA-925-106

Alpha
LA- En- lAl

LA-508-104

LA-508-114

Beta
LA-508-101
LA-508-114

Gamma
LA-548-121

Alpha Spec
LA-503-456

18
20
22
22
18
21

101.4
99.0
96.2
101.2
97.5
A-.A

S215 88 99.6

S223
CI46

74

S244 9

S235 70
S236- -70

U

T?+ Alp. L1UL6 f11 JU

APC
APC
APC
Det
Oet

1
2
3
14
16

Tot Beta
Det 14
Det 16

GEA Cs-137
Co-60

Pu-239- -
Am-241

103.8

99.4
99.5

99.6
99-6-

S267 111 100.8

5510 52 103.8

Call
Co 12
Ca 13
C142
C162

s515
C143
C163

112
112
ill
176
169

59
176
170

R901 28
R905 28.

R201
20
31

99.9
100.0
99.5
99.7
103.5

98.3
99.0
99.7

100.6

94.2
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6.0

5.9
4.4
3.9
4.9
3.7
3.9

4.0

3.6

3.5
2.0

6.4
6.4

8.2

8.8

0.11
0.09
0.10
4.8
5.3

4.4
3.1
7.4

2.4
2.3

8.4
8.2

Analyte
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Alpha
LA-933-141

LA-220-101

LSC
LA-438-101

LSC
LA-365-132

Gama
LA-378-104

LSC
LA-348-104

LSC
LA-218-113

Gravimetric
LA-564-101

Affytv

Np-237

Sr-90

Tc-99

Se-79

1-129

C- 14

K-3

% Water

Thermal
LA-S61-112 TGA

Thermal
LA-514-113 OSC

pH
LA-212-103 H+

Steve McKinney
Senior Scientist

Average Relative
j2 a % Recovery Std. Dev. Coment

5380 20 72.8

S376 30 93.7

13.1

6.4

5363 67 108.0 7.8

no standard material available

5928 16 107.8 9.1

R909 26 91.6 7.3

R907 10 84.7 4.4

S360 63 100.3 1.3

S362 6
R$26 10

98.8
98.5

S230 16 100

5348 4 100.6

aJ )9

1.4
1.9

0

0.15
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Pcfic Normwaesr Uooracones

Sptnmbor 1, 1992

SG MfcKinley

GrAA (As. Se) Analvecal lenu,-s for "I'- 'Czr 31 ;

Graph±te Furnace Atomic Absorption analyses were performed September
17 and LB an =e 55 samples from Tank Till Care 31 & i3 core
compsitas--fo±&-own--racedurus--P.-kL-fl4 -(As)-- -ard -liL-A~-fl5
(Se). The digestions were p;flormed according to PNt-AL-L0l in the
Shielded Analytical Lboraory and the analytical work was :onductad
in the Laboratory 303 usinq a P-% 3100 AA (7376757). Results and all

uportizg data axe archived in GFMA File: G7091792.

he ZC7/CL7 analytical control standards for As and Se analyed
between 99% and 108% recovery. The taa pre-dibestion Ula.c szieas
(or ";rocass control standards") recoveries were :38% ; 104% for As,
and 57% & 584 for Sa; the So results are flagged with an "N" to
indicate that to recoveries are less than 75%. =%e low czntrol,
recovery on Se is indicative of a loss of So during preparaton;
reanalysis was not performed due to lack of suffficienc matarial. The
results reported in the Suinary Report may be bias low as Much as 50t
(-..- if an--ad u-t--n% - - - - - receverr. te Sa
results are 3.0 Ag&/ "U" instead of 1.5 Aq/g "U") . he pra-digestion
spiked samples for As recovered well (i.e., 95% & 33% at 5x
dil.utions), whereas the spiked samples tar Se showed no recovery
(i.e., at- lx dilutions) indicating a severe matrix invarfarence.

nTe results for the samples, dulicatas, spikas and c=naajs :5
presented in the atached GFAA Summary Report.

Cz - -we; eA.Concur: {MuiY J Te.Zi //'a- 1
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-Te riat4v-raint--diff-eranct- (IP0)- is Calcul-atad Wi-th -sample- fl-S8c-HZ
and -its duplicata to indicate the overall analytical precision (3w for 'Ni
and r. for Ni).

A blank spike and matrix spike wen preparud using 3Ni; no NIST traceable Ni
was (or is) available for spiking purposes. The blank spika reczvery is 95w.
The matrix spike recovery is 91%. Thus the average batch bias is -7w..

A:\WP51\TlllC313.RPT
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RADIOCHEMISTRY STANDARDS AND CONTROLS
Nickel-63 and Nickel-59

Supporting Documentation

This page indicates the locatiwu-for supporting doruentation for
radiochemical analyses performed in support of 3&NI determinations.

Detector Controls

* LEPS detector background, controlcounts, and efficiency determination,
-see control and background files-for-MITE ' -Diode A, Diode 3. and Diode

0.

* LSC detector background and control counts, see instrument log, Packard
ZZSOXL, Lab 54, Slog 325.

Solutioniandards:

- 5 Ni standard #54124-16-0, LRB 54124, page 16, Bldg. 329,_room 10.

- Nickel (stable) carrier solution for yield determination, see LRB 53293,
page 30.

5aures-nce an 6h "NI Xray peak

- ALO office, 1iY 5ii report

Performance zhecks of pipets and balances, see LRB 53647 pg. 83, 85, & 36 and
LRB 543-71,- pg. 41.
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L. R. Grgenwood

om October 9, 1992

To Susan McKinley

Fra J. H. Kaye . .

sav.a Analvticz Results -for Ni-9 gindlt-3- in Tank
Till. Cores 31 and 33

Nine core composite samples were received from the hot call for mNI .
analysis (92-08278-H. -HZ, -H3; 92-08280-Hi, -H2; 92-08282-Hi, -H2; and 92-
08284-HI and -HZ). These represent fused comosite samples and duolicatas,

-- and -a-fused Not calblank from Tank Till, Coras 31 and 33. These samo7es
were analyzed with their corresponding QC samvles (two reagent blanks, a blank
spike, a matrix spike, and a sample duplicate) according to procedures PNL-
ALO-473, Revision-I, Nickel Separation from Radioactive Solutions, PNL-ALO-
164, Procedure for Ganmna Counting andOataReduction in the Low-Leye! Counting
Room, ano PNL-ALO-474, Liquid Scintillation Counting.

Revision I of PNL-ALO-473 has been submitted to the ALO office. In this
revised procedure, the option of 3 dimethylglyoxime precipitations was used.
This was followed by anion exchange and the remainder of the procedure (steps
5.1 through 5.5, then steps 5.13 to end).

A summary of the results obtained is given in the attached table.

Chemical yields are determined by IC? measurement of stable Ni on an aliquot
of the final solution prepared for LSC. The yield based on gravimetric means
is determined but is not used for calculation of results. It is performed to
determine if electroplating war_ successful. The error in the IC? measurements

- is uoted at- 15% rilative; 4owever ±5 is a better estimate of the error
based on typical performance criteria with IC? analysis on ideal matrices such
as presented with the samles submitted for analysis (2 volume percent nitric
acid and no interfering ions). The data are therefore calculated with the
error of :5: applied to the IC? determination.

The fusion blank is used to monitor contamination due to hot cell ooerations;
the reagent blanks are used to monitor contamination due to the laboratory
analysis. The fusion blanx and reagent blanks are calculated similarly to the
composite fusion samples in order to provide a value-which can be cqjnoared to
the samoles. The fusion blanx gave a slightly positive result for ti, but
this is insignificant comoarea to the sample results. A mean sample size of

-a .S06-grams was used for the reagent blanks. A value of 50 ml was used for
the sample volume analyzed for the reagent blanks, as this amount was used for
seven out of the eleven samole volumes.

Detection limit estimates for the reagent blanks were approximately 4E-06 for
both Ni and NI.
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TO Se McKinley

MIN CO Harvey .

siiew Radiochemieil Results for 1 111 Care 31 1 331

The radiochemical analyses were performed on four core composites, two eachT
fro-CO-a 31n-M._ The solid care comoosite was preoared by potassium
hydroxide (KOH) fusion, following procedure PNL-ALO-103. Duplicate samoles
and, a single process blank were analyzed. The samples were analyzed for Total
Alpha. Plutonium, Uranium and for isotopic composition of the Pu and U. There
was generally good agreement between duplicates for Uranium except for samples
92-08280-H1 and H2. However, the results were verified by re-analysis. The
agreement of duplicates for Ptu was poor, differing by a factor of
approximattly-two. -inh duplicates for samples 92-08278 and 92-08280 were
reanalyzed with good agreement with the original measurement, indicating
acceptable analytical performance. The results of the individual analysis are
included with the data. The average of the analyses is reported in the
stunary tables. The reason for the disagreement is unknown.

_Thi Nickel-3 analysis are not complete and will be reported at a later date.

Cancur: 4A.. - ~ S. .Z0,
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ADDENDUM 5, REV 0 -A

ORGANIC COMPOUND ANALYSIS REPORT

SEMIVOLATEL COMPCUNDS

SAMPLE ANALYSIS REPORTfl

Analysis of Sri samples from Cores 31 and 33 Comoosites, uilding 2225
Hot Call Slanks, and Field Blanks for serivolatile organic c2mpounds by gas
citrosatnnrapjyjass spectrometry (CC/S) is the subject of this report.

SAMPI? OESCRrITON ANO REARATIN

Samle "I

Core 31 Composite I
Car- 31 Composite 2
Core 33 Composite I
Core 33 Composite 2
2225 Hot Call slank
Field lank

Act lab 4umner

92-08277
92-08279
92-08281
92-08283
92-08z85
92-08286

The samples were received on 07/30/92. Extrnctions of both samples and
spiked samples were performed ac:ording to the following procedures.

-Extraction procedure

* oartitioning
- xtrxction location

- Extraction type

sample
- Samile/Extract storage

temperature

PNL-ALO-120 for the solids
nL-AL-12 for the water sample

Analytical Chemistry Hot Calls and labs
306/308, 325 building
Sanication, medium level sail for care
samples
Secaratory funnel, medium level water for
2225-Hot Call 3iank-and Field ilank
s
4"C (+/-)

The procedure used to extract the matrix spiked czr, sample -esulted in
a two pnase xr : cncanzta- The setand 2hase was &lirminazed by adding
aoroxmataly 20 i.l methylene :nioride to :he extract ::ncantratas, and mixing
eaen of these solutions with 20 grams sodium sulfata for agout 30 minutes.

ANALYSIS !EThOD

* GC/MS procedure:
" GC/MS instrumentation:
- GC/MS location:

PNL-ALO-345.
HP-5890/5970 GC'MS (W138473)
Lab 325, 325 building.

A-28
37
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188.5 J/g calculated dry (wt. basis) value compared to average May exotherm

values of 280.9 J/g on a calculated dry (wt. basis) value. - The exotherm trace

obtained in May is less well resolved than the January scan. The exotherms are

very broad and not-wellseparated from t-he -water -endotherms, so the baselines

have been conservatively estimated.

Comparison of the current 222-S data (May 1994), and the original January

1992 data obtained for Core 33 segments 1 and 2 is quite interesting. The

originaldata (Jan992) was obtained on a wet sample under air. The January

1994 and current data are on a dried sample as previously described. The wet

sample (Jan. 1992), Core 33 segment 1 yielded an average value of 1151 J/g dry

(wt. basis), and 2848.5 J/g dry (wt. basis) for segment 2. Both of these

values are considerably different from the values obtained on the dried sample

either in January or May 1994.

Samples from Core 33 segment 2 were also run by PNL in January 1994,

reference 6. Results for Core 2 samples run under nitrogen purge were 942 J/g

dry (wt. basis) and 1011 Jig dry (wt._ asis) for -an-average value of 976.5 J/g

dry. Sample preparation for-the January-1994 samples run by both labs were

similar. The PNL sample was vacuum dried at 60 degrees C for 24 hours. At

222-S the sample was vacuum dried (35 torr) at 60 degrees C to a constant

weight. The two laboratories used different heating rates for the DSC. The

222-S lab used 10 C per minute, while PNL ran their sample at 5 C per minute.

This difference should not effect the magnitude of the exotherm, but may cause

a shift in the curve. The instruments used by the laboratories were also

different. The instrument used at 222-S is a Mettler M3 balance DSC Model 20

TG-50 , and at PNL a Perkin Elmer Model 2 was used.
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7ank 241-T-111 Limited Analysis of Core 33 Segment 2

Introduction

The analyses in this package were performed by the Westinghouse Hanford

Company (WHC), under the guidance provided by the Analytical

Integration Characterization Program (AICP), refer to references 1, 2, and 3.

The analyses presented in this report provides additional information on the

energetics previously observed for Tank 241-T-111, reference 4. There were no

exotherms that exceeded the safety criteria.

Sample preparation and analyses were performed by the Analytical Services of

WHC. Core 33 segment 2 was placed in an oven on 1/10/94 at 1500 with an

initial_ weight of 28.64 grams (gms) and removed on 1/12/94 at 0735 and was

stabilized in a hood for I hour, the final weight of the sample was 6.82 gms.

The dried sample-was-stored in archive and was-retrieved in May to__erform

this body of work. The specific analyses requested included Differential

Scanning Calorimetry (DSC), which was performed under a nitrogen atmosphere on

the sample previously dried under vacuum (35mm of Hg) at 60 degrees C. In

addition, Therrnographic Analysis (TGA) were performed on the dried archive

sample. The analyses were performed -to the quality assurance protocols

reference 7.

Data Evaluation of Tank 241-T-111

Thermogravimetric analysis on the dried samples yielded an average value of

11.2% weight loss interpreted to be water loss. Differential Scanning

Calorimetry of 5-10 mg. and 10-20 mg. sample sizes under nitrogen purge were

performed. This analysis (May 1994) of Core 33 segment 2 showed consistent

low broad exotherms, with no significant differences caused by sample sizes.

These results are consistent with previous work performed on Core 33 segment 2

in January 1994, reference 5. The average DSC exotherm value from January was

A-97
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5. WHC-SD-WM-DP-058, Rev 0. Tank 241-T-ill Reanalyses of T-1II limited

Analysis.

6. Pacific Northwest Laboratories, Tank Waste Characterization Project.

Tank 241-T-111 Core 33 Data Report Rev. 0. January 10, 1994.

Pacific Northwest Laboratories, Richland Wa.

7. WHC-SD-WM-PLN-047, Appendix A, Core Sample Characterization Quality

Assurance Project Plan.
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Summary Table for Tank 241 -T--111 Cqre 33 Segment 2, dried archive sample.

_§_a Prep.

DIe Ct DSC

Sa ty Crite r

_i J/ d ry

Std. #1

J1667--5511
96 0

Result #1
J/g

J1668- 5711
251.2

Result #2 -I
J/g

J1668-5711
269.0

Ii flY _______ ______

J1667--5511 J1669-5711 J11669-5811
Direct DSC >522 J/g dry 96.h 309.2 287.5 298.4 7.27

J1667%511 J1670-5711 1670-5811
Direct DSC >522 J/gdry 96.0 180.2 187.1 183.7 3.76

_-J1667-5511 J1671-5711 J1671-5811
Direct DSC >522 J/g dry 96.0 162.7 175.3 168.8 7.46

J1667-5511 J1672-5711 1672-58111
Direct DSC >522 J/g dry 96.0 336.2 335.9 336.0 0.09

% % % Average%
J1667-5512 J1668-5712 J1668-58121

9--1 11.68 10.06 10.9 14.86

Direct TGA

Direct TA

Direct TGA

Direct I TGA I

J1667- 5512
91

J1667-5512
99.1

J1667-5512
99.1

J1667- 5512
99.1

J1669-5712
10.66

J1670-5712
11.35

J1671 -5712
12.07

J1672-5712
11.21

J1669-5812
9.90

1670-5812
11.99

J1671 -5812
12.08

672-5812
11.10

Average
Jig

260.1

RPD

6.84

r

C)

O

t

x

CD
M

0,

10.3

11.7

12.075

11.15

7.38

5.47

0.08

0.99

I

I
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Analytical
373-3579
April-29,-
LETTER OF

Integration 7
RZ-18
1994
INSTRUCTION FOR TANK 241-T-I11 ARCHIVE SAMPLES

E720-94-119

J. G. Kristofzski

Babad
a. Darney
B. Bechtold
DeFigh-Price
B. Engelman
M. Grigsby
S. Haller
M. Kier

T6-06

R2-78
TS-12
T6-09
R2-31
R1-49
H4-62
R2-12
T3-01

K. L. Kocher
R. P. Marshall
L. M. Sasaki
P. Segall
B. C. Simpson -
D. A. Turner

&T. E. Whelan~v,],.
LMS File/LB

Reference: Internal Memo, D. R. Bratzel to J. G. Kristofzski, "Letter of
Instruction on Centrifugation of Tank 241-T-111
dated April 22, 1994.

Samples,"

This letter of instruction provides direction to the 222-S Laboratory for
the performance of differential scanning calorimetry (DSC) and thermal
gravimetric analysis (TGA) tests on archived material from single-shell tank
241-T-I1I. This letter also cancels the centrifugation and moisture
measurements requested in the previous letter of instruction (Reference).
Tne previously requested tests were determined not to be an effective means
OF addressing the U.S. Department of Energy, Headquarters' concerns
regarding the safety of pumping the tank. Alternative testing to estimate
tbe moisture that will remain in the waste after pumping is being considered
ard may be requested in the future. However, it has been determined that
dditional information on the waste energetics is necessary to evaluate the
afety of pumping the tank.

Purcose: Perform additional DSC analysis and TGA on tank 241-T-i11 archive
sample to more accurately measure the exotherm observed in the sample.

Safetv Considerations: Radioactive materials willhe used i-n--these -tests,
-therefore all laboratory procedures applicable to radiological control will
be adhered to in conjunction with as low as reasonable achievable (ALARA)
practices -dealing with hazardous materials in the preparation and handling
of these samples.

Work Scope:

1. The sample to be analyzed in the archived sample from tank 241-T-111,
core 33, segment 2 which had been dried, but never used, for adiabatic
calorimetry analysis. Homogenize the sample to- ensure that it is well
mixed.

A-100

From:
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Date:
Subject:

internal
Memo

To:

cc: H.
D
D.
0.
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REV. O-K6

7E720-94- 119

2. Obtain three aliquots from the
in duplicate on each aliquot.
should be 5 to 10 milligrams.
atmosphere.

sample and perform DSC and TGA analyses
The sample size for the DSC analysis
Perform the DSC under a nitrogen

3. Obtain two aliquots from the sample and perform
duplicate on each aliquot. The sample size for
be twice the amount used in step 2 above (i.e.,
Perform the DSC under a nitrogen Atmosphere.

DSC and TGA
the DSC anal
10 to 20 mil

analyses in
ysis should
1 igrams).

Duality Assurance:- If the sample and-duplicate for a given aliquot do not
agree within 25 calories/gram, rerun the OSC using a sample from the same
aliquot. Approval designator Q has been established for this work; samples
and the indicated number of duplicates shall be run. _ The DSC shall be
performed in accordance with procedure number LA-514-113 and the TGA shall
be performed in accordance with procedure number LA-560-112. The
requirements of 4JC-SD-Cp-QAPP_-(luality Assurance Project Plan for the
Analysis of Highly Radioactive Mixed Waste Samples in Support of

-- nvironmental Activities on the Hanford Site) shall be implemented as
applicable. The data sh-all be reviewed to ensure that all quality
assurance/quality control requirements were met.

Data Evaluation: The 222-S Laboratory shall evaluate the results of the
analyses against the DSC analyses performed previously on the tank T-111
samples that show exotherms in excess of 200 calories/gram (both cores 31
and 33) at both the 222-S and 325 laboratories. The evaluation should
include a best estimate of the sample energetics along with uncertainties
and the rationale behind the estimate.

Recortina Reouirements: A letter presenting the results of the measurements
will be the final deliverable of this task. The letter shall include a
summary table of the results and a narrative. Advance notification of
results via cc:mail is requested for representatives from the
Characterization Program (D. R. Bratzel), Characterization Support
(B. C. Simpson), Waste Tank Safety'(H. Babad), Waste Tank Stabilization
(D. B. Engelman), and TWRS Safety Analysis and Engineering (J. M. Grigsby).
All analytical results shall be reported by May 3, 1994, the data evaluation
shall be reported by-May 5, 1994, and the letter report shall be issued by
May 9, 1994.

A-101
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April 29, 1994

Funding for this task is provided under task package control number N54D2.
A cost estimate should be provided to the Characterization Program by
May 3, 1994.

If there are any questions or comments regarding this letter, please contact
L. M. Sasaki at 373-1027 or B. C. Simpson at 373-5915.

D. R. Bratzel, Manager
Analytical Integration
Characterization Program

mj g
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Analytical Integration
373-3579 R2-18
May 2, 1994
REVISED LETTER OF INST

J. G. Kristofzski

cc: H. Babad
-G. S. Barney
D. 8. Bechtold
C. DeFigh-Price
0. B. Engelman
J. 11. Grigsby
.. 3S. Ha~ler

J. M. Kier

7E720-94-120

RUCTION FOR TANK 241-T-111 ARCHIVE SAMPLES

T6-06

R2-78
TC 11

T6-09
R2-31
R1-49
H4-62
R2-12
T3-O1

K. L. Kocher
A. P. Marshall
L. M. Sasaki
P. Segall
D. C. Simpson
D. A. Turner
T. E. Whelan
LMS File/LB

T6-06
T6-14
R2-12
H4-19
R2-12
R2-78
51-57

Reference: Internal Memo, 0. R. Bratzel
Instruction for Tank 241-T-1]
April 29, 1994.

to J. G. Kristofzski, "Letter of
I Archive Samples," dated

This letter of instruction (LOI) provides a revision to the referenced LOI.
This revision expands the work scope to include additional differential
scanning calorimetry (DSC) and thermal gravimetric analysis (TGA) tests on
wet (as received) archive sample from tank 241-T-11. core 33, segment 2 and
-revises the due dates for the reporting of results. All other requirements
of the referenced LOI remain the same.

Additional Work Sccoe:
1. The additional sample to be analyzed-is the 20 gram of wet sample from

the tank 241-T-1ll, core 33, segment 2 archived sample. This sample is
being shipped from the Pacific Northwest Laboratory (PNL) 325 Building
to the 222-S Laboratory for analysis. PNL is not able to analyze the
sample at this time due to the stand down at the laboratory.
Homogenize the sample to ensure that it is well mixed.

2. Obtain three aliquots from the sampl-e and perform DSC and TGA analyses
in duplicate on-each al iquot. The sample size for the OSC analysis
should be 5 to 10 milligrams. Perform the DSC under a nitrogen

3. Obtain two aliquots
duplicate on each a
wet sample should be
25 to 50 milligrams)

from the sample and perform 0SC and
iquot. The sample size for the OSC
five times the amount used in step

Perform the DSC under a nitrogen

TGA analyses in
analysis on the
2 above (i.e.,
atmosphere.

Chanoe to Reporting Due Dates:
An'-''t and preliminary data evaluation on the dried archived

sample shall be reported by May 6. 1994. Final evaluation of both dry and
wet sample results, in the form of a letter report, shall be made within
four full working days after recaip - he sample from PNL.

b-103
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V
If there are any questions or comments regarding this letter, please contact
L. M. Sasaki at 373-1027 or a. C. Simpson at 373-5915.

7G-/D. R. Bratzel, manager
Analytical Integration
Characterization Program
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May 12, 1994
LETTER OF INSTRUcJION
rEVTCTDN 7

Babad
S. Barney
B. Bechtold
DeFigh-Price
o. Engelmar
M. Grigsby
S. Haller
*I. Kier-

WHC-SD-WM-DP-058

n .

Internal
Memo

. 7E720-94-122

r TA K 24 -O-6j1 ARCHIVE SAMPLES -

T6-06

R2-78
T5-12
T6-09
R2-31
1-4 a

H4-62
R2-12
T3-01

K. L. Kocher
R. P. Marshall
L. M. Sasaki
P. Segall
R. C. Simpson.
D. A. Turner
T. E. Whelan
LMS File/LB

T6-06
T6-14
R2-12
H4-19
R2-12
R2-78
51-57

References: (1) Internal Memo, 0. R. Bratzel
"Revised Letter of Instructi
Sa:ples." dated May 2.1994.

42) --Internal Memo, 0. R; Bratzel

to J. G. Kristofzski,
on for Tank 241-T-111 Archive

to j. G. Kristofzski, "Letter
of Instruction for Tank 241-T-111 Archive Samples," dated
April 29, 1994.

This letter of instruction (LOI) provides a second revision to the
referenced 10rs) This revision eimines t ad nal work scope
requested in Reference 1. It has been determined that additional
differential scanning calorimetry and thermal gravimetric analysis tests on
wet (as received) archive sample from tank 241-T-111, core 33, segment 2 are
not needed at this time. The final letter report should be issued by
May 19, 1994.

If there are any questions or comments regarding this
L.-M. Sasaki at-373-1027-or B. C. Simpson-at 373-5915

letter, please contact

D. R. Brat'7el, Manager
Analytical Integration
Characterization Program

pkc
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JG~Kristofzski, JM Frye, KL Kocher
TL Welsh, RD Cromar, R Jeppson
May 6, 1994
Statistical Analysis of Core Segments

.WHC-SD-WM-DP-058
REV 0-15

Performing a one-way analysis of variance (ANOVA) on segment.two .(core 33
only), _we-found that the standard deviation--of segment two is 211.631 J/g dry
wt. The ANOVA also leads us.to conclude that some of the means'are different.
A multiple range comparison test showed that the means of the 1993 T-111 data
and the present data are not statistically different, with a significance
level of 0.05. These two means differ from the mean of the 1993 PNL data and
also from the mean of the original data. The 1993 PNL mean and the mean of
the original data also differ from each other.

Performing a one-way analysis of variance on segment one (core 33 only), the
standard deviation of segment one is 169.621 J/gdry wt. The ANOVA leads us
to--cfnChd&-hfa-the mean of the-original data and the mean of the 1993 T-111
data are different. Using the error from segment two to test segment one, the
means are also statistically different, with a significance level of 0,05.

Summary Statistics for Core Samples
(in J/q dry wt)

Confidece nterv2 - earr Standard RSDIL. Conid I lDeviation

rtro 11 ~* * oC

194
c u .9 01 .29 0.2894

Secment 1 441.50 13088.17 1764.83 532.67 0.3018
Secment 2 -164.55 2671,11 1253028 1142.06 0.3023

Se c.'E n t 3 -14518.56 17932.56 I 1707 1805.95 1.05 80

I/
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Segment I WHC-SD-WM-.DP.58
REV 04

Analysis of variance

---------------------------------- ---------- -------------

Source otvariation Sum of Squares d.f. Mean square F-ratio Sig.
level

------------ ----------------------------------------
Bet ee g ou s 11 70 5-1 911070.25 31.666 .0302

Within groups 57542.50 2 28771;25

Total (corrected) 968612.75 3

0 missing value(s) have been excluded.

/C
1 /2- /? L 

a aj"! (5 7t,- C/ 41

, 06'07/
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WHC-SD-WM-DP-osa
-- Segment 2

REV. 0-
Analysis of variance

Source of variation Sum of Squares 'd.f. Mean square F-ratio Sig.
level

Between groups 11656441 3 3885480.2 86.753 .0000

-Within groups 537452 12 44787.7

-------------------------------------------------------------------
Total (corrected) 12193893 15

0 missing value(s) have been excluded.

A-lO8
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T-111 DSC

3000

25,00--

2000

1500-

0 4 6
Segment

Coe3 19)RCore 33 (19941) Cr
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WHC-SD-WM-DP-058

Preliminary-Data for re-analysis- on tank -- 111 Core 33 Segment 2
All data is reported on a archive-sample which was vacuum dried 60
12/93. The analyses were performed under a
data fulfills the requirements per the lette
and the revised LOI 7E720-94-120. The DSC v
take into account the water content of the s

nitrogen purge.
r or instruction
alues are not cor
amples.

Th
(LOI
rect

, May 2, 1994
degrees C. on
is preliminary
) 7E720-94-119
ed and do not

laboratory S lAnaiysis Sample Result I Result 2
Id. number Size (mg) J/g J/

i166-5" Sample 1 DSC 16.957 251.2
31668-5811 Sample 1 13.267 269.0

J1669-5711 Sample 2 DSC 12.596 309.2
J1669-5811 Sample 2 18.182 287.5

11 dup

J1670-5711 Sample 3 DSC 5.897 180.2
J1670-5811 Sample 3 6.179 187.1

d up

31671-5711 Sample 4 DSC 6.695 162.7
J1671-5811 Sample 4 7.023 175.3

d up

p072-57111 amplses- DSC 7.740 336.3
J1672-5811 Sample 5 .i154 335.9

lduo I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Laboratory Sample Analysis Sample Result 1 fResult 2o. number _ISize (mg) (%H20) (% H20)

J1668-5712 Sample 1
J1668-5812 Sample 1

dup

.1669-5712 Sample 2
J1669-5812 Sample 2

____ ____ ___ duD

J1670-5712 Sample 3
J1670-5812 Sample 3

dup

J1671-57127U Sampe A

J1671-5812 Sample 4
dup

J1672-5712 Sample 5
31672-5812 Sample 5

dup

TGA

TGA

11.928
15.604

17.
19.

TGA

548
760

6.338
8.043

11.68
10.06

10.66

11.35

~1 I

TGA

-T

TGA

7.786
5.750

7.
9.

101
313

12.07

11.21

9.90

11.99

12.08

11.10

- A-I In!

REV. 0-6
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Original T-111 DSC Data 4/92
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Core 31 seg J wut sample run under static air 4/92

F 209 CUP - r120: oooj.0o DSC METTLEn 31-Mar-02
4.0G1 * at.: 0.0 'C/In aent: 6023.0 .!22-9 Laboratory

Ap

I ntenra-tjon
Delta H 1325 mJ

272.6 J/g
MI-o

Pea PO-.c WHC-SD-WM-D-058

REV.0 o3
--- - - -- - '1,- -.- 8-- - - - - -W

100. 200. 300. 400. -c ,

Core 31 seg 2, wet sample run under static air 4/92

J3! -T I ria: oooig.cot OSC HE'tTLEn 01A- 9
! 324 r,.nt-: S .0 7.-_ t 02 . 2-., L.aber tory

-tntero:Jon
-D !Lta H -,r// mi

-- 'J4 J/g
Peak 203 .

IM- -"ltjon

ocl- -l li1444 mJ

- 11063.5 J/9
Poo' J09.5*c

-3.5 m- o

00. 3. 0. 00. -C
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Core 31 seg 3, wet sample run under static air 4/92

JAll-Till j11:00020.001 OSC METTLER 01-Ar-92
5.523 fate: 10.0 'C/Aln n.jnt: G023.0 222-2 L.horstory

A .. ,, it...,

Intagration
Dolta H 25j7 mJ 2

447.G J/0 t3C P ec a k '2 0 0 . 'C

Delta If, G1301 ".
1209.5 - '

Peak 100. 7

WHC-SD-WM- P-0

RVV.0

-100. 200. 0O. 400.

Core 31 seg 4, wet sample run under static air 4/92

312t Ill..:00021.Oc DSC HLTTLFRf oi-ipr-92
. ) 0 fiAt.: 1.0 'C/eIn i C-: 6023.0 27'2-S L0torAtory

Interit Ion
I Delta H 041 MJ

Peak C0.1

1.2 vmW

*

Iflttgr.i.fl
Dolta l'u'r"i rn -

100.00. 300. - 00 . 'C

58
-6
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Core 33 seg I, wet sample run under static air 4/92

U 1.4: 00132. o: M-TTL-n-- -r
Si ".1.:jo1c 

C/MIA 222-2S

-7 - - 7

WHC-SD-WMD
REV. 0-

r n.
- -u-,.

I? . .

-- -- 
33'-00

.-. 211

Core 33 seg 2, wet sample run under static air 4/92

-- 

;

nL -ur nteoraton

'11/. I! pock Q4~iii~iN

i
I

V
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Core 33 seq 3, wet sample run under static air 4/92

j 3~ 43 1 flfA tfl FI1s:o0:5b,a 0oo O5C XL{YT L-EA Os-Apr- ga
27m my _ _ P..: 10.0 'C/si Tafunt: U2(iC2.0 Nuttier Orspnwar, A721'n.j

7 -2 _ :-_ -Ie

2nl-:urat ion
Uu! I u 11 -I1i7 mj

49.3 J/g
Per 20(1.- C

1.0 mW

WHC-SD-WM-DP-0 58

REV.C4'

loo. 20100. C

Core 33 seg 4, wet sample run under static air 4/92

--- u " *eto: t Q.O -C /. , 4, , : U 4'.It I 1:I% . t r C t*p ih s rc TA C. X t.' JI :- - .7C

'U
/

/

--F
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Core 33 seg 5, wet sample run under static air 4/92

j 32a ZAMILIZ
7.150 mv

~/~
ftl.: 10.0 'C/mi..

$'I I: 00521.001
I1.11e t. au3.0

DSC mETTLER
K.uttli.r cr.pIw.r.

A

H I VI

'IF
2 u

ILO- flu.

40-sD-WM-DP.(.O

REV 0-6

200. 400.

&AZ-'/QdA ,,4.ot-q .-.

seg 1, wet sample run under static air 4/92

J. 7 s- '/si

I.

osc MEVLR 0.'pr
222-C L.Oorstery

"6-Ape-u:

IA72PS,. I

C

S

C

-. 0

hr
I-

0

Core 31

-

.
Si

I.
0a

I

II

Intogrotion
Vo2tn Mf70687 mU

217G±,7 J/0
Peek 2,G.I'c

3.ti.4 mw

De lta 11 1339D ..N V Peak ijtfl9C-:f,JyJ siN'41 (A-li-.er

I.

It'
a

-5'
b~.0

-C

C,
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Re-analysis T-1 11 DSC Data 1194
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Core 33 seg 2, dried sample run under static air 1/94

RA01 DAY
jA.354 a fatt: 10.0 C/.in

rljo:~o-oosa .oos
Ifent: 0.0

DSC METTLER 25-Jan-94 w

222-S Ltoortory

I.

I:

I0. 200.

WHC-SD-

Integratiun E
Delta H 113 mJ

12G.3 J/
Peak 36O.1'C

2.4 mW

A

RA601

a,

J00 . 400.

NM-DP-058

.0-6

o

- -

9

'C

Core 33 seg 2, dried sample run under static air 1/94

P4Z0I CRY CUP
7.684 ,c - -
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Re-analysis T- 1 "-1 DSC Data
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--Core 33 seg 2, dried sample run under a nitrogen purge 5/94
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Core 33 seg 2, dried sample run under a nitrogen purge
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Core 33 seg 2, dried sample run under a nitrogen purge 5/94
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Core 33 seg 2, dried sample run under a nitrogen purge 5/94
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Thermal Analysis Data

.REV. kS

Thermal analyses of tank waste material from Tank 241-T-ill Core 33,
Segment 2 were performed in-dupl.icate. - The. thermal analysis includes botP
differential scanning calorimetry (DSC) and scanning thermogravimetry (TGA). DSC

analyses were performed on dried sample material, but the TGA analyses were
perforrmed on the as-received sample. These analyses were performed according to
technical procedure PNL-ALO-508, "Laboratory Procedure for Operation of the
oiffoermtial Scanning Calorimetr (DSC), Thermogravimetric Analyzer (TG), and

High Temperature Differential Thermal Analyzer (OTA) and DSC."

DSC analyses of sample 92-05856-H and it's duplicate were performed on a
Perkin Elmer Model 2 Differential ScanningCalorimeter. The s-ample was prepared
bytransferring 0.4896 crams of sample from 92-05856 (labeled T-112, Core 33,
Segment 2) to a glass vial. This sample was placEd in a vacuum oven at 60'C and
28 in. Hg (711 mn Hg) at 2325 hours on December 9, 1993. The sample was removed

r- thE oven a. !';DO hours r Dacamber '0, 193 and ll d to cool prior to

weighing. The sample weight after this drying period was 0.0721 grams (a loss

of 0.4175 grams or 85.3% mass loss). The saMpit was placed bick in the oven at
60'C and 28 in. Hg at 1310 hours on December 10, 1993 and removed at 1500 hours
on the same day. The sample was reweighed and a loss of only 0.0005 grams was
observed; therefore, the sample was sealed and placed in a desiccator. The

sample was analyzed on December 23, 1993 using a nitrogen gas environment.
Samples of 11.19 and 15.72 milligrams were used for Runs I and 2, respectively.
A temperature range from 35 to 550'C was scanned at 5'C/min. The results of
these analyses are given in Table 2-1.

Table 1-1: Core 33, Segment 2, Energetics

RUN RANGE (IC) ONSET (C) ENTHALPY (J/g)

I 107 - 381 201 -898

2 223 - 394 196 -836

C A-127J



03/04/34 13:09 -SOS 372 2 24 ti LC -------- - - ------ - C-

WHC-EP-0806

WHC-SD-WM-.DP-058
REV. 0-

A- indium-and a zinc standard was run prior to analyzing the sample. The

indium standard had an onset temperature of 156.86C with an enthalpy of 28.3 J/g.
The literature values for indium are 356.6'C and 28.45 J/g. The zinc standard
had an onset temperature of 417. 'C with an enthalpy of 98.7 J/g. The literaturfe
values for zinc are 419.47-C and 108.37 J/g.

Thermooravimetric analysis was performed in triplicate on an aliquot of as-

received sampli material using a Perkin Elmer Model 2 Thermogravimetric Analyzer.
A nitrocen cas environment was used to-anflyze these samples. Samples of 11.32,
1-7.11, and 19.40 milligrams were- used for Runs 1, 2, and 3, respectively.
Run I was performed on December 28, Run 2 on December 29, 1993, and Run 3 on
January 3, 1994. A temperature range from 35 to 550*C was scanned at 5'C/min for
Runsi-and 2. The temperature range for Run 3 was from 35 to 200'C at a scan
rate of 5'C/min. This shorter scan rance was chosen, because no sionificant
weight loss was observed above 150'C. The results of these analyses are given

in Table 1-2.

Table 1-2: Core 33, Seoment 2, Mass Loss as a Function of Temnperature

RUN 1 RANGE -c) VEICHT LDSS (wt-)

-31 - 103 67.3

2 31 - 116 20.3

3 30 - 130 79.7

Run I appeared to be on a sample that was significantly drier than the
other samples. Runs 2 and 3 compare well with the gravimetric/determinations

weight percent solids measurements. It.was also noted in Runs I and 2 that no
significant weight loss was observed in the temperature range of the exothermic
reaction.

Alumel and perkallOy curie point standards were run prior to analyzing the
s rnnle. The alumel standard had an onset temperature of 162.35'C, and the
perkalloy standard had an onset temperature of 595.73'C. The literature values
for alumel and perkalloy are 163-C and 596'C, respectively.

1-3
9A-128
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Core 33 seg 2, dried sample run under a nitrogen purge 12/93
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:@@PpCALIBRATION 2

17-FEB-94 8:45

START TEMP. C 35
END TEMP. oC 800

FILE NO. 00130.001
IDENT. NO. 0
WEIGHT rG 6.7520

TEMPERATURE OC WEIGHT
GAIN----->

5. C-0 rG

TEMP. oC 143.67
TEMP. ac- 349.67
TEMP. CC 739.00~~1

TEMP.-2341

A3 PTIoo A -132234L

C -PTioo --05962 N
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WESTINGHOUSE HANFORD COMPANY

WHC-SD-WM=DP-058 222-S LABORATORY

REV. 0- ANALYTICAL BATCH
Lab Segment Serial No. // Customer ID:
31668-72 1240-D-ABC,D, E
Analysis: Sample-Prep-
DSC DIRECT

instrument: WC16134 Procedure/ Rev: LA 514-113/B-0 2
Techno!ogist_;. WENOLA Date: 05/94

Starting Time: 0600 Temperature N/A

IEnding Time: 2300 Chemist: J. FRYE

Comments:

Description Lab ID Description Lab ID

1 LMCS J1667-5511 1 DUP J1672-581,
2 SAMPLE J1668-5711 12

3 DU!J!668-581

4 SAMPLE J1669-5711 14

- DUP J1669-5811 15

6ISAMPLE-- -- j670-5711 16

7DUP J1670- 811 17

8 SA3MPLE J1671-5711 18
J1671-581] 19

-SAMPLE J1672-5711 201

Primary Book No. Second Book No. Third Book No. and Final Vol. 9f
Type and Aliquot Vol. and Aliquot Vol. Aliquot Vol. Standard

LMCS 12fN14-A

LA1
-- A-133
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DIFFERENTIAL SCANNING CALORIMETRY ANALYSIS - UNDIGESTED SAMPLE

StIER RUSH 431 /
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DIFFERENTIAL SCANNING CALORIMETRY ANALYSIS - UNDIGESTED SAMPLE

C rR DIOW
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DIFFERENTIAL SCANNING CALORIMETRY ANALYSIS - UNDIGESTED SAMPLE
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DIFFERENTIAL SCANNING CALORIMETRY ANALYSIS - UNDIGESTED SAMPLE
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DIFFERENTIAL SCANNING CALORIMETRY ANALYSIS - UNDIGESTED SAMPLE

-1 R1!pgp pvrou

1~

222

-. ,-r'' 
Y~

BEST AVAILA BLE Co

A-139

J1671.-5811 T111-C33-S2 5- 2-94 12: 2 14
.. ... Re. l U'-1. c,,a . C.

DSC LA-514-113 EXOTHERMS N54D2 0
,..,,, eC ...... r9

3 - 1240-D-D

DUPLICATE SAMPLE

/ '/7

T., C, ,:.:,

I. I ' T, i. I . I Pt

J 162.-5711 IT!1l-C-3-.S2 5- 2-94 12: 3 14

DSC TA-5 1 1 - 1 1 3  E0Th FRs N54D2 0
sameCe.to-, a

7 :' ^' 1240--B
Ci .i s e r

-36 C 2

66W-Ml R-10 13,
;)(, I



uur- none

WHC-SD-WM-DP-0O8
REV. O-? 5

DIFFERENTIAL SCANNING CALORIMETRY ANALYSIS - UNDIGESTED SAMPLE
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Signature below represents chemical technologist/chemist that completed/verified
the calibration/analysis on pages to LOjj.

B.680 mg Rate: 10.0 *C/min

File: 00098.00±

Ident: 0.0

DSC METTLER -or-May794
222-S Laboratory
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DSC STD Filc:00i09.00i DSC METTLER 02-May-94
6.680 mg Rati: 10.0 'C/min Ident: 0.0 222-S Laboratory
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J1668 DUP File: 00107.001 DSC METTLER A-May-94'
13.267 mg Rate: 10.0 'C/min Ident: 0.0 222-S Laboratory

A NITROGEN PURGE

Ji668 DUP

Et A

Integration
Delta H 3568 mJ

269.0 J/g
Peak I8B.4'C

3.1 mW

±00. 200. 300. 400. 'C



Ji669 File: 00119.001 DSC METTLER 02-May-94
12.596 mg Rate: 10.0 *C/min Ident: 0.0 222-S Laboratory

A NITROGEN PURGE
0
x

J1669

E

Integration

Delta H 3894 mJ

309.2 J/g

Peak 296.7*C

3.0 mH

100. 200. 300. 400. aC
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5.897 ing Ratio: 10.0
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222-S Laboratory
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J1674 OUP File: 00i13.001 OSC METTLER 02-May-94
6.i1 9 mg Rate: 10.0 "C/min Ident: 0.0 222-S Laboratory
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J1671 File: 00i03.001 PSC METTLER *4XrMay-94.
6.696 mg Rate: iO.0 C/min Ident: 0.0 222-S Laboratory
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WHC-EP-0806

WESTINGHOUSE HANFORD COMPANY

222-S LABORATORY

~) ANALYTICAL BATCH
Lab Segment Serial No. 7 Customer ID:
J1668-72 1240-D-A,B, C,D, E
Analysis: Sample Prep:
TGA DIRECT

instrument: WC16130 Procedure/ Rev: LA 560-112/A-1

Technologist: R. WENDLAND Date: 05 / 4 5 f

Starting Time: 600 Temperature N/A

Ending Time: 2300 Chemist: J. FRYE

Comments:

- -Description Lab D Description Lab ID

1 LMCS J1667-5512 11 DUP J1672-5812
2 SAMPLE 01668-5712 12

3 DUP J1668-5812 13

4 J166 9-5712 i_
5 DUP J1669-5812 15

6 SAMPLE J1670-5712 16.
7 DUP J1670-5812 17

8 SAMPLE J1671-5712 1

SODUP J]671-5812 19

10 SAMPLE J1672-5712 20

Standard Primary Book No. Second Book No. Third Book No. and Final Vol. of
Tvoe and-Aliquot Vol. and Aliquot Vol. Aliquot Vol. Standard

LM CS 24N8-A

- A-153
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-- THERMAL GRAVIMETRIC ANALYSIS -UNDIGESTED SAMPLE
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STATISTICAL CHARACTERIZATION REPORT
FOR

SINGLE-SHELL TANK 241-T-111

1.0 SUMMARY

This report contains the results of the statistical analysis of data
from-two core samples obtained from Single-Shell Tank 241-T-111 (T111).

Section 2 contains a description of the core samples and the chemical
analyses done on the core samples.

Section 3 contains-mean-concentration-estimates-and-associated-95%
confidence intervals (CI) on the mean for each of the analytes in T111.

Section 4 contains estimates of the spatial variability (variability
between cores) and estimates of the "analytical error" from the core composite
data.

Two types of analytical error were estimated from the core composite
data: (1) compositing variability (variability between composite samples
within the same core) and (2) analyticalmeasurement error (variability
between the primary and duplicate analyses within-each core composite sample).
Estimates of the analytical measurement error were used as the reference value
to test the significance of the spatial and compositing variability. Spatial
variability-was significantly different than zero' for 39 out of 85 analytes
in T111. The compositing variance was significantly different than zero for
39 out of the 85 analytes.

Significantly different than zero at the a 0.05 Level.

1-1
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2.0 INTRODUCTION

Two core samples (cores 31 and 33) were taken from Tll. Cores 31 and
33 were obtained forn risers i and 3, respectively. Figure 2-1 (p. 2-2) gives
-the locations of the risers. The segment recoveries for each core are given
in Table 2-1. Core 31 had nearly 100% segment recovery for all segments
except segments I and 6. There was nearly 100% segment recovery for all of
the segments in Core 33.

Table 2-1. T-111 Core Recoveries.

Core Segment Number

1 2 3 4 5 6 7 8 9

31 27% 80- 95- 80- 100% 0% 90- 100% 100%
100% 100% 100% 100%

3 100% 87- 75- 88% 100% 100% 100%
100% 185%

Due to the incomplete core sample recovery, the concentration estimates
given in this report are biased. The magnitude of the bias is unknown.

Two core composite samples were made for each core sample from the
homogenized solid segment waste. Primary-and duplicate results were obtained
from each core composite sample.

The chemical analysis of the primary and duplicate-samples consisted of
the following analytical methtds-and sample preparations (the notation for the
method and preparation is also listed):

* inductively- coupled- plasma analysis (ICPy of an-ai-d -digested sample
(iC.a),

* ICP of a potassium hydroxide/nickel (KOH/Ni) fused sample, (ICP.f)

* ICP analysis of a water leached sample (ICP.w),

* ion chromatography (IC) of a water leached sample (IC.w),

-e radio-chemistry, and

- gamma energy analysis (GEA).

Occasionally, special analytical methods are used-on prepared and
unprepared waste samples. The notation for the results from such methods is
given in the tables of Appendix A and the tables in Sections 3 and 4.

Whenever possible, the results and data given here are identified by the
analysis method, the type of dissolution and analyte. For example, the
notation ICP.a.Al refers to the Al concentration from an ICP analysis of an
acid digested sample.

2-1
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Figure 2-1. Riser location.

241-T-111
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* 4" Riser
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The core composite sample results are contained in Table A-I
(Appendix A). Ratios of the mean of each primary and duplicate result divided
by the detection limit for that pair are-also included. The ratios (Mean/DL)
are provided to show how large the analyte concentrations are relative to the
DL. The data packages for tank T111 (Kocher, 1993 and McKinney, 1993) contain
a complete report of the sample results along with the laboratory quality
control data. The core composite data for each analyte are illustrated in the
figures provided in Appendix B.

-Analysis of variance (ANOVA) models were fit to the data for all
analytes that did not have any 'less than values". All of the data available
for statistical analysis, including the analytes with at least one 'less than
value," are reported in Table A-1. The ratios (Mean/DL) of all of the data
are also reported in Table A-1.

From a quality of data perspective, it is desirable that the ANOVA
models be -applied to analyte concentrations greater than 10 times the
detection limit. However, Analytical Evaluation and Reporting personnel,
within the TWRS Information Management Systems, identified a list of "special
analyt-es,-" given in Table 2-2. For this list, they requested that the ANOVA
models be fit to the data provided theoncentrationvalues were greater than
3 times the detection limit or less than 10 times the detection limit.

Whenever possible the ANOVA models were fit using all of the data,
regardless of the value of the detection limit. To warn the reader of
potential detection limit problems the analytes in Tables 3-1, 4-1 and A-1 are
denoted by a "a" or a "*" whenever a concentration is less than 3 times or 10
-times-the-detection limit respectively. -Theesults for such analytes are to
be used with caution.

In Table A-1, some analytes are marked with a "*." Due to the dilution
factors, the analytical result values are so close to the detection limit
(DL), that the concentration values are questionable. For these analytes,
ANOVA models were not fit to the data.

Table 2-2. Special Analyte List.

Umi nU___ Nitrate
Bismuth Nitrite
Calcium Phosphate
Chromium Carbonate
Iron Fluoride
SSilicon Chloride
Sodium Total Organic Carbon
Zirconium Cyanide

A close examination of the figures in Appendix B reveals several
"outlier data points" in the core composite data:

ICP.a.Co The primary result for core 31, composite 2 of 11.7 ug/g is
over three times as large as the duplicate result. The
other results for ICP.a.Co all fall in the range 2.7 to 3.8
Ag/g. The detection limit for ICP.a.Co is 0.8 Ag/g.

2-3
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" ICP.a.Cu The duplicate result for core 31, composite 2 of 127 Ag/g is
about four times as large as the primary result of 31.7
ug/g. The detection limit for ICP.a.Cu is 0.4 pg/g.

" NO2  Both the primary and duplicate results from core 31,
composite 2 are about one half the results for core 31,
composite 1. The average of the results for core 31,
composite 1, is 952 pg/g, the average for composite two is
525 pg/g. The detection limit for NO2 (by water digestion
spectrophometric analysis) is 50 ug/g.

There is no direct evidence that the results noted above are due to
analytical measurement errors. Consequently, the statistical analysis was
performed on the data as it is reported in Table A-1. The potential anomalies
in the data noted above can be clearly seen in the figures in Appendix B.

2-4
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3.0 MEAN CONCENTRATION ESTIMATES

One of the tasks outlined in the Tank Waste Characterization Plan,
Section 5.1.1.2 (Bell, 1993), is to estimate the constituent inventories in
the waste. The inventories are estimated by computing mean concentrations and
95% confidence intervals (CIsj on the mean concentrations for each
constttuent. The estimate-of-the-inventory and-Ci on'the inventory of an
analyte -i- the- tank are equal to the corresponding mean concentration
estimates and CI multiplied by the volume of waste in the tank. Therefore,
estimates of tank inventory are not given in this document.

Table A-! (Appendix A) contains the core composite data used to compute
the mean concentration estimates and associated CIs.

3.1 STATISTICAL METHODS

The concentration estimates are given in the form of 95% CIs on the mean
concentration. It is assumed that each primary sample and its duplicate are
-analyzed independently of one another. The two analytical results are used to
estimate the analytical measurement error. Due to the hierarchical structure
of the datatthe aniTytical measutement error alone is not the appropriate
error term to use in computing- the Ci. A linear combination of the
analyticalmeasurement variance and the spatiflvariance is the appropriate
variance of-the mean for the CIs (Snedecor and Cochran, 1980). Appendix C
contains a description of the statistical model and formulas used to calculate
estimates of the mean, variance of the mean and the CI on the mean.

3.2 STATISTICAL RESULTS

Table 3-1 contains the summary statistics, by analyte, for ICP acid
digestion, ICP water leach, ICP KOH/Ni fusion dissolution, radio chemistry and
IC analyses. The summary statistics are defined as follows:

Y mean of the concentration data,

62(y) estimated variance of y,

df degrees of freedom,

95% LL --- lower limit to the 95% CI on the mean and

95% UL upper limit to the 95% CI on the mean.

For some analytes the lower confidence limit (95% LL) was negative.
Since concentrations are greater than or equal to zero, _any-negative 95% LL
values were set -equal to zero.

The confidence intervals in Table 3-1 are wide relative to the range of
the data because only two cores were used to estimate the spatial variability.
Two core samples is h miiiitin 1r lumber of core samples needed to estimate a
tank's spatial variability.

3-1
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Table 3-1. Concentration Estimate Statistics
Radinnurlids uCi/og) (sheet I

(Units
of 3)

pg/g Except

Analyte 9 &2) df 95% LL 95% UL

ICP.a.Ag 1.26E+02 7.86E+03 1 0.00 1.25E+03

ICP.a.At 5.41E+02 1.06E+04 1 0.00 1.85E+03

ICP.a.8 2.80E+01 7.56E+00 1 0.00 6.30E+01

ICP.A.. __ 6.90E+01 6.46+01 1 0.00 1.71E+02

ICP.a.Bi 2.59E+04 6.38E+06 1 0.00 5.80E+04

iCP.a.Ca - I .88+03 2.12E+05 1 0.00 7.72E+03

ICP.a.Cd* 5.80E+00 3.03E+00 1 0.00 2.79E+01

ICP.a.Ce. 3.37E+01 9.69E+00 1 0.00 7.33E+01

ICP.a.Co* 4.30E+00 1.63E+00 1 0.00 2.05E+01

ICP.a.Cr 1.98E+03 1.63E+04 1 3.57E+02 3.60E+03

ICP.a.Cu 3.35E+01 3.53E+02 1 0.00 2.72E+02

ICP.a.Fe 1.85E+04 1.21E+06 1 4.55E+03 3.25E+04

ICP.a.K 1.14E+03 2.24E+03 1 5.34E+02 1.74E+03

ICP.a.La - - 4.22E+03 1 3.OLE+05 1 0.00 1.12E+04

ICP.O.N _ 3.77E+02 6-3oE+0 1 0.00 1.39E+03

6.33E+03 2.68E+04 1 4.25E+03 8.41E+03

ICP.a.Na 3.69E+04 1.56E+06 1 2.10E+04 5.27E+04

ICP.a.Ni 1.32E+02 5.12E+02 1 0.00 4.19E+02

ICP..P 1.03E+04 1.21E+05 1 5.90E+03 1.47E+04

ICP.a.Pb 3.47E+02 2.64E+04 1 0.00 2.41E+03

ICP.a.S 1.21E+03 1.06E+03 1 8.00E+02 1,63E+03

ICP.a.Sb- 3.14E+01 1.65E+01 1 0.00 8.30E+01 -

ICP.a.Si 4.69E+02 9.17E+02 1 8.40E+01 8.54E+02

ICP.a.Sr 3.00E+02 3.75E+02 1 5.39E+01 5.46E+02

ICP i - - I .95E+01 - 1.39E+02 1 0.00 1.69E+02

ICP.a.V 1.45E+01 6.58E+00 1 0.00 4.71E+01

I IC.a.2n 6.50E+01 6.46E+02 1 . 0.00 3.88E+02

IiP.f.A- 1.28E+02 8.05E+03 1 0.00 1.27E+03

PCP-f-At 5.70E+02 9.70E+03 I 0.00 ---- - 1.82E+03
ICP.f.8a 6.46E+01 2.45E+01 1 1.73E+00 1.28E+02
ICP.f.-i 2.36E+04 9.08E+06 1 0.00 6.18E+04

ICP.f.Ca* 2.42E+03 8.27E+04 1 0.00 6.07E+03
ICP.f.Cd* _- __-8.12E+00 1.76E400 1 0.00 2.50E+01

ICP.f.Co. 1.15E+01 1.16E+00 1 0.00 2.52E+01

ICPtf.Cr - 1.80E+03 1.56E+03 1.30E+03 2.30E+03
*: Antytes with a portion of the data beLow 3 times the DL.
: AniLytes with a nortian of the dta beow 10 times the DL.
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Table 3-1. Concentration Estimate Statistics
Radionuclides nCi/a). (sheet 2

(Units
of 3)

ug/g Except

_ Anyte d() df 9S% LL 95% UL

-CP.f.CV- 2.39E+01 3.56E+01 1 0.00 1.05E+02

ICP.f.Fe 1.80E+04 4.05E+06 1 0.00 4.36E+04

ICP.f.Lo 4.11E+03 3.08E+05 1 0.00 1.12E+04

__________ 3.55E+02 7.31E+03 1 0.00 1.4E+03
ICP.f. n 6.2E+03 1.88E+04 1 4.54E+03 8.02E+03

ICP.f.Na 3.70E+04 6.00E+06 1 5.82E+03 6.15E+04

ICPAIf.I 8.14E+03 6.41E+06 1 0.00 4.03E+04

IrP.f.P 1.04E+04 8.42E+05 1 0.00 2.21E+04

ICP-f.Pb* 3.5E0f. 9.38E+03 1 0.00 1.60E+03
ICP.f.$ 1.23E+03 1.13E+04 1 0.00 2.58E+03
ICP.f.SI 5.67E+03 5.41E+04 1 2.71E+03 8.62E+03
ICP.f.Sr 2.98E+02 6.24E+01 1 1.97E+02 3.98E+02

ICP.f.Ti 4.79E+01 6.09E+02 1 0.00 3.62E+02

ICP.f.V* 1.47E+01 8.32E-01 1 3.06E+00 2.62E+01

ICP.f.Zn* 1.06E+02 7.17E+00 1 7.22E+01 1.40E+02

ICP.m.AL. 1.09E+01 5.75E+00 1 0.00 4.14E+01
ICP.w.B* 4.07E+00 6.77E-01 1 0.00 1.45E+01

. 2.02+02 2.40E+03 1 0.00 8.24E+02
ICP.w.Ca. - 6.16E+01 I 3.32E+01 1 0.00 1.35E+02

ICP.w.Cr 2.18E+02 2.45E+01 1 1.55E+02 _ 2.1E+02

ICP.w.Fe 1.28E+02 3.11E+02 1 0.00 3.52E+02
ICP.w.K 7.19E+02 1.54E+03 1 2.21E+02 1.22E+03
ICP.w.La* 1.10E+01 1.42E+01 1 0.00 5.89E+01

ICP.w.m9* 3.64E+00 5.45E-02 1 6.75E-01 6.61E+00
ICP.w.mn 2.47E+01 2.36E+01 1 0.00 8.65E+01

ICP.m.Na 3.30E+04 2.44E+06 1 1.31E+04 5.28E+04
ICP..P 5.68E+03 3.24E+04 1 3.39E+03 7.97E+03

___._. __- .15E+03 2.38E+03 1 5.29E+02 1.77E+03

ICP.w.Si 5.72E+02 5.35E+03 1 0.00 1.50E+03
ICP.w.Sr* 1.96E+00 8.65E-02 1 0.00 5,70E+00

4.50E+02 1.11E+03 1 2.56E+01 8.74E+02
IC.w.F 2.30E+03 I 6.46E+05 _ 1 _ C.D -- 1.Z5E+04
IC.w.A03 4.12E+04 7.77E+06 1 5.82E+03 7.67E+04

IC.w.P04 1.55E+04 1.53E+06 1 0,00 3.13E+04

IC.w.804 3.54E+03 2.85E+04 I 1.40E+03 5.69E.03

Raincie a~/) f3

1~~ ~ ~ th .. I -'-a mr m- UT -Me-Vista betow j tie the DL.
4: Anlytes with a portion of the data below 10 times the DL.
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Table 3-1. Concentration Estimate Statistics (Units ug/g Except
Dadionuclide pCi/g). (sheet 3 of 3)

-

_ *L:LAlyteS t CI1 a
*: Analytes with a portion of the data

betow 3 times the DL.
beLow 10 times the DL.

3-4

0-1U

9 AnaLvte -(9) d 95% LL 95% UL

GEA.Aw-241 4.24E-02 2.61E-06 I 2.19E-02 6.29E-02
GEA.C-137 1.66E-01 3.35E-03 1 0.00 9.02E-01

gross 3.73E-01 1.96-04 1 - - i.95E-01 5.51E-01

Grosnbeta 1.51E+01 3.48E+01 1 0.00 9.00E+01

TGA..f20 7.65E+01 2.23E+01 1 1.64E+01 1.37E+02

Am-241* 4.26E-02 6.65E-25 1 4.26E-02 4.26E-02

Ng* _ 1,43E+0N 1.53E-01 1 0.00 6.40E+00

S02S.fper 7.93E+02 8.76E+03 1 0.00 1.98E+03

Percent.Ef20 -7.60E+0. .81E-01 1 6.63E+01 8.57E+01

Pu-239/40 1.39E-01 9.19E-06 1 1.00E-01 1.77E-01
Sr-90 5.41E+00 3.53E+00 1 0.00 2.93E+01
Toc* 3.12E+03 3.83E+05 1 0.00 1.10E+04
Tc-99. 7.92E-03 8.90E-06 1 0.00 4.58E-02

II 2.79E+03 2.01E+05 1 0.00 8.50E+03

- - 7.-79E--03-- - .1E+01
__ _ _ iv
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4.0 COMPARISON OF THE VARIANCE COMPONENT ESTIMATES

Using the hierarchical structure of the core composite data, estimates
of the between core spatial variability (02(S)), the compositing variability
(o2(C)) and the analytical measurement variability (a(A)) can be obtained.
The spatial variance is a measure of-the variability-between-cores. The
compositing variance measures the variability between composite samples within
tii same cbre. The analytical measurement variance includes, among other
things, the sample handling error and the chemical analysis error. This
vatjanice is aj-easurt~of_ t-diferene-be~tween the analytical results from
the primary and duplicate samples.

The estimate of the variance of the mean is a linear function of the
-spatial, compositing and analytical easurement variances. To help evaluate
-the magnitude of these three variance components, estimates of each variance
component are given in Table 4-1.

4.1 STATISTICAL METHODS

Estimates of the spatial variance (62(S)), compositing variance (62(C))
ant anaytical--measurement -variance (94(A)), were obtained for each analyte
using Restricted Maximum Likelihood Estimation (REML) methods. Restricted
maximum likelihood estimation is discussed by Harville (1977).

To test the significance of the variance components, an analysis of
variance (ANOVA) was calculated using the hierarchical statistical model
described in Appendix C. The mean square error terms in the ANOVA tables were
used to perform F-tests on the spatial variability and F-tests on the
composite variability. These tests determine whether or not o2(S) and u2(C)
are-significantly different than zero. The p-values given in Table 4-1 were
derived from the results of these tests.

4.2 STATISTICAL RESULTS

The REML estimates of each component of variability along with the
p-values (significance level) from the f-tests are given in Table 4-1. A
p-value less than 0.05 indicates that '(S) or o2(C) is significantly
different than zero at the 0.05 level.

The p-values from the tests on a2(S) were less than 0.05 for 39 out of
the 85 analytes in T111. This indicates that the differences between the two
cores were statistically significant for these 39 cases.

The p-values from the tests on a2 (C) were less than 0.05 for 39 out of
the 85 analytes in T111. This indicates that, relative-to the-analytical
error, -differences between composite samples were significantly different than
zero in 39 cases. This means, for these 39 analytes, the two composite
samples were statisti-cally-different from each other. Conversely, for 46 out
of 85 cases, differences between composite samples were not statistically
significant.

4-1
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Table 4-1. Variance Component Estimates. sheet 1 of 3)

Analyte (s) _s _Test: z
V2,S e &2-)_ C)O 0(A

1CPA.Au - ME4" 0.56E0 - .00i 1.94E+02 0.000 3.16E+00

ICP.a.AL 1.89E+04 0.055 4.79E+03 0.000 1.06E+01

ICP.a.B 1.25E+01 0.093 9.28E-01 0.387 8.59E+00

ICP.a.Sa 6.91E+01 0.263 1.20E+02 0.000 3.54E-01

ICP._.8 1.27E+07 0.000 6.25E+03 0.360 3.75E+04

ICP.a.Ca 4.IOE+05 0.010 2.17E+04 0.074 9.95E+03

ICP.a.Cd. 5.96E+00 0.004 1.90E-01 0.039 5.34E-02

ICP.a.Ce. 1.69E+01 0.064 9.66E-01 0.380 7.87E+00

CP.h.Co* 8.92E-01 0.376 8.08E-01 0.389 7.84E*00

ICP.a.Cr 3.17E+04 0.007 1.36E+03 0.081 6.75E+02

IC*Lr. - 3.39E+02 0.290 1.67E+02 0.369 1.14E+03

ICP.a.F- 2.33E+ - 0.013 1.55E+05 0.063 6.25E+04

ICP.a.K 2.45E-24 0.911 8.86E+03 0.000 1.75E+02

ICP.a.La 5.91E+05 0.003 1.63E+04 0.019 2.88E+03

ICP.a.MN 1.25E+04 0.005 5.18E+02 0.001 1.58E+01

ICP.a.Mn 2.97E+04 0.254 4.29E+04 0.030 1.00E+04

ICP.a.Na 2.76E+06 0.057 6.73E+05 0.016 1.05E+05

ICP.a.Ui_ 1.020003 - 6.13E+00 0.091 3.38E+00

I PCP -S.P __ 2.37E-22 0,": ::77E-05 ----. 000 i.25E+04

ICP.a.Pb 5.20E+04 0.003 1.41E+03 0.000 1.91E+01

. _ _1.1_1+03 0.268 1.94E+03 0.003 1.25E+02

I-ICP.a.Sb. 1.11E-20 0.739 1.44E-14 0.578 1.32E+02

icp.as - 2.57E-31 0.946 7.61E-14 0.418 7.34E+03

P.a.Sr ---- .E -- 0.079 - 2.18E+02 0.004 1.54E+01

ICP a.Ti 2.75E+02 0.001 4.69E+00 0.000 7.83E-02

ICP.a.V 1.83E+00 0.423 2.25E+01 0.000 2.30E-01

ICP.a.Zn 1.22E+03 0.021 1.35E+02 0.008 1.42E+01

ICP.f.Ag 1.61E+04 0.000 6.23E+00 0.295 1.83E+01

ICP.f.AL 1.90E+04 0.005 6.78E+02 0.030 1.57E+02

ICP.f.Ba 3.99E+01 0.102 1.71E+01 0.012 2.19E+00

ICP.f.Bi 1.81E+07 0.001 2.88E+04 0.392 2.94E+05

ICP.f.Ca. 1.51E+05 0.008 2.M07-19 -0.04 5.86E+04

ICP.f.Cd* 2.17E+00 0.126 1.21E-20 0.649 5.38E+00
ICP.f.Co. 1.44E+00 0.078 1.01E-29 0.755 3.48E+00

ICP.f.Cr 3.72E-15 0.994 5.63E+03 0.013 1.21E+03
*. Analytes with a portion of the data beLow 3 times the OL.
4: AnaLytes with a portion of the data beLow 10 times the DL.
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Table 4-1. Variance ComontEsiae

Test: Test:
AnAlyte a(S).0 A2CC) 2(C)0 2A)

p-vaLue p-va________

ICP.f.CU* 6.97E+01 0.005 2.00E+00 0.119 1.43E+00

ICP.f.Fe 8.00E+06 0.003 1.6aE+05 0.079 8.13E+04

M _P.f._.a 5.96E+05 0.010 3.82E+04 0.012 4.96E+

ICP.f.m _1.46E+04 0.000 5.15E-"4 0.913 1.60E+02

ICP._f.M -1. 6--1 - - -0.553 7.02E+04 0.011 9.70E+03

ICP.f.Me 1.17E+07 0.007 5.43E+05 0.044 1.65E+05
ICP.f.Ni 1.17E+07 0.033 4.18E-12 0.498 4.39E+06

ICP.f.P 1.57E+06 0.028 1.95E+05 0.049 6.45E+04

ICP.f.Pb* 1--fE+04 - 0.003- 4.35E+02 0.030 1.02E+02

_ICP.f.S 2.15E+04 0.017 2.00E+03 0.008 2.13E+02

ICP.f.SI 1.06E+05 _ __ 005 - 1.00E+03 0.3w 6.83E+03

ICP.f.Sr 6.12E-16 0.661 1.15E+02 0.222 2.69E+02

ICP.f.Ti 1.2E+3 - 0.000 2.66E-01 0.331 1.12E+00

ICP.f.V* 5.86E-19 0.905 2.17E+00 0.107 2.31E+00

ICP.f.2n* 5.69E-23 0.440 1.10E-22 0.839 5.74E+01

ICP.w.Al. 7.33E+00 0.208 6.93E+00 0.061 2.72E+00

ICP.w.B 1.14E+00 0.082 3.99E-01 0.008 3.99E-02

!CP..! .Bj 3.90E+03 0.102 1.30E+03 0.123 9.66E+02

_ C_______--- - - - 1.861-11 0.144 1.69E-22 0.862 2.66E+02

ICP.w.Cr 5.66E-20 0.979 9.52E+01 0.001 5.62E+00

ICP.w.Fe 6.16E+01 0.436 9.05E+02 0.077 4.29E+02

ICP.w.K 2.28E+03 0.148 1.57E+03 0.001 4.73E+01

ICP.w.La* 2.71E+01 0.015 1.34E+00 0.226 2.23E+00
ICP.w.Mg* 3.04E-21 0.597 1.61E-01 0.098 1.14E-01

ICP.w.Nn 2.51E+01 0.266 3.19E+01 0.130 2.51E+01

ICP.w.Na 4.53E+06 0.030 6.84E+05 0.002 2.88E+04

ICP.w.P 3.98E+04 0.222 3.94E+04 0.089 2.13E+04

ICP.w.S 3.95E+03 0.091 1.50E+03 0.014 2.13E+02

ICP.w.Si 8.53E+03 0.113 1.98E+03 0.272 4.72E+03

ICP.w.Sr* 6.35E-02 0.340 1.83E-01 0.061 7.19E-02

tc.w.Ci 1.99E+03 0.043 1.15E-10 0.509 9.66E+02

IC.w.F 1.28E+06 0.001 1.37E+04 0.102 8.44E+03

IC.w.NO3 1.42E+07 0.038 2.46E+06 0.013 3.44E+05

IC.w.P04 2.59E+06 0.082 8.54E+05 0.030 1.99E+05
*: Analytes with a portion of the data beLow 3 times the DL.
*- Analytes with a portion of the data below 10 times the DL.
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Table 4-1. Variance Component Estimates. sheet 3 of 3)

Test: Test:
Anwtyte &2(S) 02(S*.o d2) 02C. 02CA)

_ -v-Ju - - -Lue

Ic- --- 5.27E+19 0.032 7.04E+03 0.071 3.14E+03

GEA.Am-241 2.99E-32 0.786 8.13E-06 0.062 4.59E-06

GEA.Co-137 6.61E-03 0.003 1.87E-04 0.000 1.88E-06

sross.aIpha 3.42t-44 0.065 7.74E-05 0.092 4.58E-05

0ross.beta 6.93E+01 0.000 3.14E-01 0.026 - 662E-02

TGA.1H20 3.17E+01 0.008 3.78E-33 0.935 5.18E+01

Aa-241. 6.65E-25 0.976 7.41E-06 0.173 1.66E-05

fl* 1.53E-01 0.022 1.36E-02 0.115 9.38E-03

N02.w.Spec 1.92E-14 0.789 3.46E+04 0.000 9.50E+02

Percent.H20 8.99E-01 0.128 2.55E-01 0.259 5.46E-01

Pu-239/40 2.49E-28 0.736 2.01E-05 0.171 3.33E-05

Sr-90 7.04E+00 0.000 1.79E-02 0.209 2.61E-02

TOC* 6.10E+05 0.113 2.98E+05 0.006 2.72E+04

Tc-99. 1.76E-05 0.001 2.63E-07 0.027 5.75E-08

U* 6.24E-06 0.831 7.91E+05 0.001 2.99E+04

PH 7.11E-28 0.601 3.06E-02 0.001 1.19E-03
-. k-'t- ~ ~ ~ - -: rI ytwa W * . Lo W1 Uf tflt gate

*: Anatytes with a portion of the data
bLow 3 times Ihe DL.
beLow 10 times the DL.
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- CORE COMPOSITE DATA
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Ta 13 A I. Cre C...*. l.. Im,.Ii lel IV-I. Core L sl~5Ite ata J Ui its pg except Rao l1I s I9). sheet I if
Analyte Core 31 Mean/DL Core 31 Mean/DL ,Core 33 Mean/CL Core 33 MnbVDL

- Cam. I Coop. 2 Co. COMIP. 2

ICP.a.Ag 2.02E+02 4.05E+02 2.25E+02 4.53F+02 4.41E+01 8.87E+01 2.81E+01 6.,00E+012.03E+02 2.28E102 $.39PE+01 3.19E+01 '

ICP.a.Al 5.80E+02 2.43E+02 7.03E402 2.94E+02 4.?1E+02 1.97E+02 4.05E+02' 11.69E+025.88E+02 ?.07EQ|02 4.73E+02 4.04E+02 1 1

ICP.a.As *3.13E+00 NA *3.02E+00 NA 3.39E+00 1.15E+00 3.23E+00 NA
3.17E+00 *2.81E+00 3!.0E+00 *2.90E+00

ICP.a.I 2.34E+01 4.52E+01 2.53E+01 3.911+01 2.92E+01 4.90E+01 3.20E+01 5.36E+01
3.08E+01 2.16E+01 2,96E+01 3.23E+01

fCP.e.la 5.66E+01 1.90E+02 6.53E+01 2.17E+02 6..67E+01 2.23E+02 8.67E+01 2.91E+02
5.75E+01 6.46E+01 ;6,70E+01 8.79E+01 '

ICP.,SUe *1.04E-01 NA *1.01IE-01 Na .13E-01 1.17E+00 1.08E-01 NA
1.06E-01 *9.38E-02 1,20E-01 *1.00E-01

ItP.a fll2.34E+04 3.14E+03 2.33E+64 3.10E+03 2184E+04 3.80E+03 2.86E+04 3 79E+03
2.37E+04 2.32E+04 2.| 86E+04 2.82E+04

iCP.a Ca 2.13E+03 4.99E+02 2.36E+03 5.65E+02 I.49E+03 3.40E+02 1.35E+03 3.06E+02
2.2&E+03 ______ 2.611+03 IjOE+03 ______ 1.34E403

ICI.a.Cdk 7.19E+00 1.81E+01 7.78E+0D 1.97E+01 4.b9E+00 1.10E+01 3.64E+00 9.0E+00
7.25E+00 ?.94E+0 4. E+00 3.80E+00

ICP.a.Ce. 3.39E+01 3.23E+00 2.90E+01 2.84E+00 4.30E+01 3.75E+00 3.28E+01 3.55E+00
3.13E+01 2.83E+01 3.71E+01 3.89E+01

ICP.a.Co* 3.42E+00 4.25E+00 3.79E+00 i.68E+00 3.15E+00 3.91E+00 3.13E+00 3.64E+00
3.38E+00 1.17E+01 3. IE+00 2.70E+00

ICP.s.Cr 1.83E+03 2.07E+03 1.84E+03 2.04E+83 2.05E+03 2.29E+03 2.16E+03 2.38E+03
1.89E+03 1.84E+03 . 2.8E+03 2.13E+03

1CP.a.Cu 2.48E+01 6.31E+01 1.27E+02 11.98E+?2 1.4E+01 4.11E+01 1.29E+01 3.24E+01
2.57E+01 3.17E+01 1.05E+01 1.30E+01

ICp.S.Fe 1.89E+04 1.92E+04 2.01E+04 2.01IE+04 1.74E+04 1.75E+04 1.75E+04 1.74E+041.95E+04 2.00E+04 _1.1E+04 1.72E+04
ICP.a.K 1.08E+03 9.78E+01 1.22E+03 1.08E+02 1.21E+03 1.08E+02 1.02E+03 9.11E+011.11E+03 1.20E+03 1.22E+03 1.02E+03

AA: Not Available. -
Value less than DL or less
Analytes with a portion of
Analytes with a portion of

than 5 percent
the data below
the data below

above the DL.
3 ties the DL.
10 times the DL.
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Table A-i. Core Composite Data iUnits pg/q except Radionucl ides pCI/q). (sheet 2 of' -)

Analyte Core 31 iear/DL Cote 31 Nean/L Core 33 MeaNVDL Core 33 ean/DL
Etp. _1 Ip =2_ C . I -_ _2

ICP.a.La 3.66E+03 2.66E+03 3.64E+03 2.58E+03 4.61E+03 3.31E+03 4.91E+03 :3.49E+03
3.78E+03 I I 3.4E03 4.611+03 4.86E+03

ICP.a.Mg 4.12E+02 1.45E+03 4.E+02 1.60E+03 3.02E+02 1.02E+03 2.88E+02 9.67E+02
4.8E+02 4._2E+02 3.07E+02 2.92E+02

ICP.a.Mn 6. 07E+03 3.IOIE+04 641E+03 3.01E+04 6.65E+03 3.36E+04 6.32E+03 3.14E+04
6.31E+03 6.14E+03 6. 7E+03 6.23E+03

ICP.a.Na 3.11E+04 1.21E+04 3.q7E+04 1.25E+04 3.491E+04 1.13E+04 3.63E+04 1.17E+04
3 .OE+04 3.66E+04 3.50E+04 3.62E+04

ICP.O.ml 1.49E+02 8.91E+01 1.57E+02 9.24E+01 1.09E+02 6.44E+01 1.09E+02 6.38E+01
1.4E+02 1.57E+02 1.100+02 1.08E+02

ICP.a.P 1.02E+04 1.74E-+03 9.94E+03 1.72E+03 9.97$+03 1.70E+03 1.13E+04 1.96E+03
1.00E+04 9.98E+03 9.7SE+03 1.14E+04

ICP.a.Pb 4.69E+02 7.66E+01 5.42E+02 8.76E+01 2.00402 3.23E+01 1.67E+02 2.71E+01
4.41E+02 5.44E+02 2.01E+02 1.69E+02

ICP.a.S l.21E+03 4.54E+02 1.24E+03 4.69E+02 1.146+03 4.22E+02 1.22E+03 4.52E+02
1.2kE+03 1.27E+03 1.14E+03 1.22E+03

ICP.a.Sb. 3.90E+01 1.72E+00 3.61E+01 2.06E+00 2.00E+01 2.03E+00 1.91E+01 1.28E+00
2.19E+01 3.691+01 5.18E+01 2.61E+01

ICP.a.Se *7.92E+00 NA *7.64E+00 NA 8.60E+00 1.36E400 8.18E+00 NA
8.04E+00 *7.13E+00 1.20E.01 *?.40E+00

ICP.a.SI 5.29E+02 3.71E+02 4.18E+02 3.62E+02 5.75E+02 4.06E+02 4.90E+02 3.03E+02
4.36E+02 5.249+02 4.80E+02 2.98E+02

ICP.a.Sn 4.28E+00 2.63E+00 1.74E+00 1.52E+00 1.81E+00 1.13E+00 1.72E+00 NA
4.13E+00 3.13E+00 1.80E+00 *1.50E+00

ICP.a.Sr 2.78E+02 9.38E+02 2.80r+02 9.33E+02 3.01E402 1.02E+03 3.37E+02 1.12E4032.85E+02 2.80E+02 3.08E+02 3.32E+02
ICP.a.Ti 2.96E+01 7.36E+01 3.34E+01 8.26E+01 9.00E+00 2.23E+01 6.42E+00 1.62E+01

2.93E+01 3.27E+01 8.80E+00 6.50E+00
ICP.a.V 1.23E+01 2.54E+01 2.13E+01 4.28E+01 1.35E+01 2.77E+01 9.58E+00 2.00E+01

1.31E+01 2.15E+01 1.42E+01 1.04E+01
NA: Not Available.
* Value less than DL or less than 5 percent above the OL.
* Analytes with a portion of the data below 3 times. the DL.
* : Analytes with a portion of the date below 10 times the DL.
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Table A-i. Core Composite Data (Units #g/q except Radionuclides pCi/g). (sheet 3 of 9)

-C .. .

ICP.a.Zn 7.611E+01 2.65E+02 9.68E+01 3.38E.2 4.36E+01 1.47E+02 3.45E+01 1.17E+02
8.20E+0I 1.06E+02 4,47E+01 ' 3.54E+01

ICP.a.Zr a.34E-Qi NA 8.07E-01 NA 9 05E-1 NA 8.61E-I1 WA
a.47E-0__ 7.51E-01 9.20E-01 7.70E-01

ICP.f.Ag 2.l0E+02 8.56E+01 2.17E+02 8.86(+01 3 9E+01 1.36E+01 3.69E+01 1.2i.+Ol
2.18E+02 * 2.26E+02 400E+01 3.74E+01-

ICP.f.Al 6.32E+02 5.37E+01 6.80E+02 5.78E+01 4.9 E+02 4.03E+01 4.59E402 3.83E+01
6.56E+02 7.06E+02 4.85E+02 4.59E+02

ICP.f.As *1.50E+01 NA *1.50E+01 MA *1.5E+01 NA *1.50E+02 NA
*1.50E+011 I *1.50E+01 *1.50E+01 *1.50E+02

ICP.f. *3.CIIE+0tI NA *2.99E+00 NA *5.39E+00 NA *4.38E+00 NA
*3.00E+*OC *2.99E+00 *4.2E+00 a5.10E+00

ICP.f.Ia 5.72E+01 3.92E+(11 5.96E+01 4.04E40? 6.E+O 4.36E+01 7.45E+0 4.92E+01
6.046+01 6.15E+01 6. +01 _ 7.30E+01

ICP.f.Be 5.01E-O1 NA *4.99E-01 NA *4.91-0I NA *S.OE-01 MA
*5.00E-O1 *4.99E-01 *5.0-01 *4.99E -01

ICP.f.Ul 2.05E+04 5.59E+02 2.02E+04 5.37E402 2.66E+04 7.05E+02 2.73E+04 7.12E+02
2.14E+04 I 2.01E+04 2.63E+04 2.61E+04

ICP.f.Ca* 2.58E+03 1.25E+02 2.49E+03 1.21E+02 2.SOIE+03 9.23E+00 2.18E+03 8.54E+00
_ __ 2.93E1+03 2.83E+03 1.939+03 1.92E0_

ICP.f.cd* 7.34E+00 4.13E+00 7.18E+00 5.32E+00 6.76r-+00 3.21E+00 6.86E+00 3.59E+00
9.16E+00 1.41E+01 6.08E+00 7.48E+00

ICP.f.Ce *5.06E+01 NA *5.04E+01 NA as. 30 +0l NA *S.05E+01 MA
*5.05E+01 *5.04E+01 *5.05E+01 *5.04E+01

ICP.f.Co. 9.70E+00 2.53E+00 1.11E+01 2.70E+00 1.37E+01 3.34E+00 8.90E+00 2.96E+00
1.05E+01 1.05E+01 1.30E+01 1.48E+01

ICP.f.Cr 1.86E+03 4.20E+02 1.67E+03 3.78E+02 1.81E+03 3.97E+02 1.821E+03 4.04E+02
1.92E403 1.73E+03 1. 6E+03 1.82E+03

ICP.f.Cu* 3.68E+01 1.82E+01 3.41E+01 1.71E+01 2.16E+01 9.82E+00 2.30E+01 1.09E+01
3.59E+01 3.42E+01 2.26E+01 2.61E+01

Not Available.
Value less than DL or less
Analytes with a portion of
Analytes with a portion of

than 5 percent
the data below
the data below

above the OL.
3 times the DL.
10 times the CL.
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Table A-i1. Core Composite Data (Units ig/g except Radionuclides Cl/). -/ (sheet 4 of

Anallyte Core 31 Mean/L C re 31 Mean/L Core 33 'eP/ PL Core 33 [ eI ni DL
Core. 31 C =

ICP.f.Fe 2.02E+04 4.110E+03 1.95E+04 3.92E+031 1.62E+04 6.16E02 1.61E+04 6.22E+02
2.08E+04 1.97E+04 1.57E+04 1.61E+04

CP.I.k *5.61E+01 NA *5.59E+01 NA *5.59E+01 NA *5.60E401 NA
65.60E+01 *5.59E+01 *5.60E+01 *5.59E+01

ICP.f.Lt 3.63E+03 5.27E+02 3.38E+03 4.88E+02 4.58E+03 d6.45E+,02 4.84E+03 6.87E.+02
L- I 3.75E+03 3.45E403 4.45E+03 4.78E+03

fCP.f. Ag 4.24E+02 2.92E+02 4.311E+02 2.96E+02 2.78E+02 3.46E+91 2.74E+02 3.50E+01
. 4.52E+02 4.56E+02 2.58E+02 , 2.69E+02

ICP.f.Mn 6.29E+03 6.38E+03 5.86E+03 5.94E+03 6.29E+03 4.01E+l32 6.59E+03 4.25E)02
6.47E+03 6.02E+03 6.15E+03 6.59E+03

ICP. F.Na 3.96E+04 2.57E+03 3.85E+04 2.51E+03 3.41E+04 5.34E+01 3.51E+04 5.54E'yOI
4.01E+04 3.94E+04 ' 3.36E+04 3.52E+04

ftP.f.Ni 5.94E+03 6.79E+02 7.49E+03 6.41E+02 9.49E+03 8.68E+01 9.81E+03 1.13E402
5.61E+03 3.40E+03 9.09E+03 1.43E+04

iCP.f.P 1.12E+04 3.98E+02 1.11E+04 3.83E+02 8.99E+03 1..04E+C'2 9.91E+03 1.13E402
1.19E+04 1.11E+04 ' 9.15E+03 9.91E+03

ICP.f.Pb4 4.27E+02 1.42E+01 4.82E+02 1.56E+01 2.62E+02 8.61E+90 2.72E+02 8.69E400
4.53E+02 4.86E+02 2.72E+02 2.67E+02

fCp.f.S 1.35E+03 1.00E+02 1.29E+03 9.70E+01 1.08E+03 8.00E+01 1.16E+03 8.59E+01
1.36E+03 1.33E+03 1.081+03 1.16E+03

ICIP.f.Sb *8.87E+01 NA *8.83E+01 NA 1.29E+02 NA *8.85E+01 NA
*8.85E+01 *8.83E+01 '8.85E+01 *8.83E+01

ICP.f.Se *3.81E+01 NA *3.79E+01 NA *3.79E+01 NA *3.80E+01 NA
*3.80E+01 *3.79E+01 *3.80E+01 *3.79E+01

iCF'.f.Si 5.88E+03 9.17E+02 5.78E+03 8.98E+02 5.52E+03 7.43E+01! 5.41E+03 7.37E+01
6.04E+03 5.89E+03 5.39E+03 5.41E+03

ICP.f.Sn *8.02E+00 NA *7.98E+00 NA *7.98E+00 NA *8.00E+00 NA
*8.00E+00 *7.98E+00 *8.00E+00 *7.9E+00

ICP.f.Sr 3.08E+02 2.02E+02 2.70E+02 1.87E+02 2.97E+02 6.65E401 2.98E+02 7.25E+11
2.98E+02 2.91E+02 2.84E+02 3.36E+02

L- - .- = -

NA: Not Avilable.
a : Value less than DL or less

: Armslytes with a portion of
: Analytes with a portion of

than 5 percent
the data below
the data below

above the DL.
3 times the DL.
10 times the DL.
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Tabie A-I.:: Care Composite uata (Units g'/g except Radionuclides # sheet 5 o______Ci/-). sheet -5= u dI

Analyte Core 31 Mean/DL Core 1 Nean/DL C tore 33 Mean/DL Core 33 Mean/0L
COn I. Comp.1 2 o 1Co.2

ICP.f.TI 7.32,E+01 3.64E+01 7.13E+01 3.62E+01 2.25E+01 1.12E+01 2.1VE+01 1.21E+01
7.25E+01 7.34E+01 2.22E+01 2.311E+01

ICP.f.V* 1.11E+01 4.86E+00 1.55E+01 6.58E+00 1.386E+01 6.14E+00 1.4E+01 5.86E+00
1.32E+01 1.74E+01 1.69E+01 1.51E+01

ICP.f.Zn& 9.71E+01 6.94E+01 I. lE+02 7.03E+01 1.10E+02 7.66E+00 L.02E+02 8.07E+00
1.11E+02 l.00402 1.00E+02 1.19E+02

ICP.f.Zr 4.011+00 NA 3.99E+00 NA 'i.99E+00 NA *4.06E+00 MA
4.00E+00 3.99E+00 * .00E+00 *3.99E+00

;CP.w.Ag 7.801E-01 NA 1.26E+00 2.33E+00 *4.99E-01 NA *4.99E-01 NA
*S.00E-01 1.07E400 6.08E-01 *5.C0E-01

PCP.w.Al 6.99E+00 2.a0E+00 1.04E+01 4.29E+00 1.34E+01 6.48E+00 l.IOE+Ol 4.60E+00
6.43E+00 1.02E+01 1.77E+01 .02E+I _

ICP.m.As *3.00E+00 MA *3.00E+00 NA *2.99E+00 NA *2.99E+00 NA
*3.00E+00 *3.00E+00 *_2.99E+00 *3.0(E+00

ICP.M.B, 3.50E+00 5.51E+00 3.27E+00 5.33E+00 5.54E+00 9.23E+00 4.44E+00 7.08E+00
3.11E+00 3.12E400 5.54E+00 4.06E+00

ICP.w.Ba *3.09E-01 NA '3.00E-01 MA 3.78E-01 1.82E+00 5.321-01 1.72E+00
*3.00E-01 5.32E-01 7.15E-01 5.011-01

ICP.w.Ge *.OOE-01 NA *9.99E-02 NA 9.98E-02 NA *9.98E-02 MA
*9.99E-02 *9.99E-02 *9.98E-02 *9.99E-02

ICP.M.Bi 8.34E+01 1.54E+01 1.76E+02 2.54E+01 2.05E+02 3.09E+01 2.731E+02 3.60E+01
1.47E+02 2.05E+02 2.58E+02 2.671E+02

ICP.w.Ca, 5.05E401 1.16E+01: 5.43E+01 1.40E+01 7.16E+01 1.51E+01 9.35E+0i 1.53E+01
5.12E401 6.89E+01 6.13E+01 4.15E+0I -

ICP.w.Cd '*4.00E-01 NA *4.00E-01 NA 03.99E-01 NA *3.99E-01 NA
*4.00E-01 *4.00E-01 *3.99E-01 *4.00E-01

ICP..e *1.01E+0I NA *1.01E+01 NA *1.01E+01 NA *1.01E+01 MA
*1.01E+01 *1.01E+01 41.01E+01 *1.01E+01

*CP.w.Co D8.00E-0l NA *7.99E-01 NA *7.9E-01 MA 8.SOE-01 A
*7.99E-01 8.51E-01 8.43E-01 *7.99E-01 .

NA:

A:

Not Available.
Value less than OL or less
Analytes with a portion of
Analytes with a portion of

than 5 percent
the data below
the data Ielow

above the DL.
3 times the DL.
10 times the OL.
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Table A-1. Core Composite Data (Units pg/g except Radionuclides pCi/g). (sheet 6 of )

Analyte Core 31 Kear/DIL Core 31 Mean/DL Core 33 Mean/AL' core 33 Nean/CL
___________ CaWp. 1 Cop 2, Cusp. I Carp. 2

ICP.w.Cr 2.11E+02 2.32E+02 2.28E+02 2.54E+02 2.22E+02 2.49E+02 2. 12E+02 2.34E+02
2.07E+02 2.30E+02 2.26E+02 2.09E+02

ICP.w.Cu *4.00E-01 NA *4.00E-01 NA *3.99E-01 NA *3.99E-01 NA
*4.00E-01 *4.0E-01 * E3.99E-01 *4.00E-01

ICP.w.Fe 5.70E+01 7.954+01 1.30E+02 1.41E+02 1.16E+02 1.32E+02 1.60E+02 1.59E+02
1.02E+02 1.51E+02 . 1.47E+02 1.58E+02

ICP.w.K 7.40E+02 ' 6.55E+01 7.83E+02 6.99E+01 7.04E+02 6.35E+01 6.47E+02 5.79E+01
7.28E+02 7.83E+02 7.19E+02 6.50E+02

ICP.N.La* 5.00E+00 4.30E+O 7.69E+00 6.09E+00 1.22E+01 9.89E+00' 1.57E*01 t.13E+01
7.05E+00 9.35E+00 1.55E+01 11.SE+01

ICP.w.mg+ 2.6E+00 9.82E+00 3.66E+00 1.32E*01 3.60E+00 1.28E*01 3.95E+00 1.28E+01
3.22E+00 4.23E+00 4.08E+00 3.72E+00

ICP.w.Nn 1.01E+01 7.35E*01, 2.31E+01 1.25E+02 2.04E+01 1.27E+02 3.34E+01 1.69E+02
1.93E+01 , 2.70E+01 3.04E+01 3.42E+01

ICP.w.Na 3.41E+04 1.10E+04 3.51E+04 1.13E+04 3.06E+04 9.92E+03 3.19E+04 1.03E+04
3.39E+04 3.50E+04 3.09E+04 3.22E+04

ICP.W.NI *1.70E+00 NA *1.70E+00 MA *1.70E+00 NA *1.70E+00 NA
*1.70E+00 *1.70E+00 *1.70E+00 *1.7E+00 ,

ICP.w.P 5.63E+03 9.93E+02 5.81E+03 1.03E*03 5.26E*03 9.14E+02 5.66E+03 '9.83E+02
5.89E+03 6.11E+03 5.34E+03 5.74E+03

ICP.w.Pb 7.91E+00 NA 6.93E+00 1.28E+00 *6.19E+00 NA *6.19E+00 NA
*6.19E+00 8.92E+00 *6.28E+00 *6.19E*00

ICP.w.S I 1.21E*03 4.43E+02 1.19E+03 4.44E+02 1.05E+03 3.93E+02 1.14E+03 4.22E+02
1.18E+03 I 1.21E+03 1.0E+03 1.14E*03

ICP.w.Sb *.TE+l01 NA *1.77E+01 NA *l.77E+01 NA *1.77E*01 NA
*1.77E+01 *1.77E+01 *1.77E+01 *1.77E*01 '

ICP.w.Se *7.60E+00 NA *7.59E+00 NA *7.58E+00 NA *7.58E+00 NA
*7.59E+00 8.44E+00 *7.58E+00 *7.59E+00

icP.w.si 3.45E+02 3.37E*02 5.30E+02 4.30E+02 6.68E+02 5.15E+02 6.22E+02 4.77E+02
5.30E+02 5.89E+02 6.71E+02 6.18E+02

NA: Iot Available.
* alue less than DL or less
nalyt-s with a portion of

* Analytes with a portion of

than 5 percent above the DL.
the data below 3 times the OL.
the data below 10 times the OL.
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lable A-1. LoreCoosite ata (Units g/g except RadionuclIdes pCi/g). sheet 7 of -

Analyte Core 31 Mean/Dl I Core 31 Mesh/OL Core 33 Mean/DL Core 33; Meun/DL
Cosyp. I 'congp. 2 1ep C2M. 2.

=~~iv w=a±=.=
ICP.M.Sn *1.60E+00 , NA 11.601E+00 NA *1.60E+00 NA *1.60E+01 NA

*1.60E+00 *1.60E+00 *1.60E+00 *1.60E+0_

ICP.w.1;r+ 9.37E-01 4.03E+00 1.97E+00 7.10E+00 1.197E+00 7.25E+00 2.39E+00 7.8E+00
S 1.48E+00 2.29E+00 2.38E+00 2.29E+00

ICP.w.jI *4.00E-01 NA *4.00E-01 NA *3.99E-01 MA *3.99E-011 NA
*4.00E-01 - 04.OOE-01 , ' *3.99E-01 *4.00E-011

ICP.w.V *5.00E-01 NA 5.94E-01 1.41E+00 *4.99E-01 NA 9.21E-01 I1.60E+00
*5..OOE-01 8.20E-01 , ,*4.99E-01 6.76E-01

ICIP.w.2G *3.00E-01 NA *3.00E-01 NA *2.99E-01 NA *2.99E-01 NA
*3.00E-01 43.00E-01 62.991E-01 *3.00E-

ICP.w.ZY 8.00E-01 NA 7.99E-01 NA 7.98E-01 NA 7.98E-01 NA
-A7.99E-01 7.99E-01 7.98E-01 7.99E-01

IC!w.CI: 4.73E+02 4.70E+01 5.18E+02 4.97E+01 4.40E+02 4.01E+01 4.40E+02 4.32E+01
4.66E+02 I 4.75E+02 - 3.62E+02 4.23E+02 - I

ic.w.F 3.14E+03 3.09E+02 3.16E+03 3'.13E+02 1.47E+03 1.37E+02 1.67E+031 1.63E+02
- 3.03E+03 3.09E+03 1.26E+03 1.59E+03 1

IC.w.N02 <1.10E+03 NA 18.71E+02 NA 8.42E+02 7.73E+00 7.59E+02 7.32E+00
' <110E+03 <1.10E+03 7.04E+02 7.04E+02!

IC.W.N03 4.45E+04 4.43E+02 6.36E+04 4.38E+02 3.76E+04 3.69E+02 3.98E+04 4.01E+02
4.41E+04 4..39E+04 3.61E+04 4.03E+04

IC.w.P04 1.56E+04 1.62E+02 1.71E+04 .. 4E402 1.36E+04 1.36E+02 1.51E+04 I.51E+02
I 1.67E+04 1.77E+04 1.3E+04 1.50E+04

IC.w.s504 3.69E+03 3.69E+01 3.72E+03 3.74E*01 3.23E+03 3.29E+01 3.41E+03 3.47E+01
3.69E+03 3.75E+03 3.34E+03 3.52E+03

GEA..Am-241 4.37E-02 4.02E+01 4.02E-02 3.59E+01 3.95E-02 3.39E+01 4.24E-02 3.88E+02
4.801E-02 4.16E-02 3.79E-02 4.61E-02 3.88E+02

CEA.Co-60 <4.21E-04 NA <3.85E-04 NA <3.45E-04 NA <3.29E-04 NA<3.39E-04 <3.75E-04 <3.70E-04 <3.45E-04

GEA.Cs-13 2.12E-01 5.72E+02 2.36E-01 6.41E+02 1.15E-01 3.07E+02 1.03E-01 2.80E+02
2.11E-01 2.38E-ei 1.12E-01 1.04E-01

- . - " - -

NA:;

* :
* :

NO' AY-I Lable.
Value less than DL or less
Analytes with a portion of
Analytes with a portio of

than 5 percent
the data below
the data below

above the DL.
3 times the DL .
10 times the OL.

'a

L

C-
m

C1
In

Ch
.L,

CD

I iI I



Table A-1, Core Composite vata (Units i except1 ainci - i/ sheet 8 of
Analyte Core 31 Mean/DL Core il Mean/DL Core 33 Mesn/DL I Core 33 Iqeam'DL

C-Ip ! Co. 2 =6=. C2M. 2

GEA.Eu-154 *1.091E-03 NA 1.06E-03 NA 41.11E-03 NA <1.05E-03 NA
*i.om.03 3.24E-03 't.lE-03 4.64E-04

GEA.Eu155 '2.OE:-03 MA '2.13E-03 NA .97E-03 5.15E00 1.49E-03 NA
_ 2.09E-03 t2.12E-03 3.16E-03 ___ 1.49E-03

Gross.stph 3.59E-01 5.05E+01 S.50E-01 5.06E+01 *.?8E-01 L.11Ef 2 3.97E-01 7.49E+02
3.58E1t ______ 3.69E-01 I_____ S6E-01 ___ 3.97E-01 _ ____

Gross.beta 2.04E+01 2.20E+02 2-.16E+01 2.29E+02 9.86E+00 136E402 8.95E+00 1.44E+02
2.07E+01 2.13E+01 ' 9.32E+00 8.71E+00

TIC.w.C03 45.00E#02 MA 6.49E+02 1.65E+00 7.49E+02 1.65E+00 7.99E+02 2.20E+00
6.5(I0602 9.99E+02 :8.98E+02 11.40E+03

TGA.X.W20 6.13*401 NA 6.92E+01 MA ..10E+01 NA 7.86E+1 MA
8.53E*01 7.12E+01 B.22E*01 , 1.30E+01

Am-241. 4.43E-02 7.26E+00 4.66E-02 7.56E+00 3.71E-02 6.59E+P0 4.44E-02 7.96E+00
3.85E202 .3.96E-02 3.94E-02 3.11E-02

C-14 -3.80E04 MA <2.23E-04 MA :2.25E-04 *A '2.25E-04 NA
<2.2F-t04 <2.25E-04 Q2.25E-04 Q4.25E-04 -

CM i '<4.50E.00 NA '3.41E+00 NA 4.90E+00 NA <4.76E+00 MA
4.0E+00 <O.57E+00 44.61E+00 , i <4.6E+00

H3 <3.15E -104 NA <3.12E-04 MA <'.15E-04 MA 4.15E-04 MA
<3.15E-04 C3,15E-04 t:.15E-04 '3A5E-04

No+ 1.7OE 0 1.27E+01 1.79E+00 1.47E+01 I. iK+oG 9.60E+00 1.02E+00 6.68E+00
1.48E400 1.88E+00 1.2E+00 1.15E+00

1-129 1.74E02 MA '2.40E-02 MA <2.i5E-02 WA '1.74E-02 NA
l.72E-02 1.92E-02 .144E-02 , 42.17E-02

WH3 '4.50E#03 NA '4.50E+03 NA 4.S0E+03 NA v4.50E+03 *A
<4.50E+03 <4.50E+03 <4._0E+03 _4.S0E+03

102.ttpec 9.49E+02 1.90E+01 5.22E+02 1.05E+01 8.2E+02 1.76E+01 7.74E+02 1.63E+01
9.55E402 5.27E+02 8.M4E+02 5,.60E+02

-3.25E-02 HA <3.24E-02 NA 3.24E-02 NA 93.24E-02 NA
_____< 3.24E-02 3.24E-02 '3.24E-02 <3.24E-02

NA:

S:

Not Available.
Value less than DL or less
Analytes with a portion of
Analytes with a portion of

than 5 percent
the data below
the data below

above the DL.
3 tires the OL.
10 times the DL.

0

CD

00
13
M
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at
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C
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C

C
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T..LI1... A I

Ta'le m Lore ,OMIflILt a except naaionu _s _______ sheet 9 of

A ul yt e Core 31 1 Nesin/D L 1 Core 31 j eann i L Core 33 Mear /O co s3 3 Mean/DLPercent.N120 7.481~f NA ' 7.59E+01 , NA 7.72E+01 INA '7438+1 INA
__________ 7 .44E+01 7______ .59E+0l 1 7.578+01 I_ 7.04E01

Pu-23S 01.04E-02 INA 0 <.03E-02 INA 41.05E-02 NA ' <143-02 NA
___________ 1.07E1-02 -- _ 1.04E-02 4 1 .008-02 4____- 1.M4-02

Pu-239/40 1.35E-011 3.&3E*01 1 .34E-01 3.76E+01 1.391-1 '3.1181 1 3E-01 4.21E401
___________ 1.411-01 1.37E-01 1.29E-01 I 32-1 -

pI

Se <6.05E-05 WdA , ' 6.17E-05 1.11E+00 <1.23E-04 JIA iy- NA
___________ 4.11E-05 __ 6.31E-05 41.26E-04 O.LME-04 -

'Sr-90 6.97E-F00 1.011E+03 7.55E+00 1.162E+03 3.67E+00 1.70E+03 3.37E*00 1.59E+03
__________ 7.340 7.31E+00 3.62E#00 ____ 3.48140 _______

TOCt 3.30E+03 6.91E+00 ' 4.12E+03 7.97Z+00 2.008403 4.008+03 3.O1Di+03 6.0*.00
I' 3.68E+03 3.85E+03 '.2.00E+03 _______-_________ ________

:Te-99. 4.958bd3 6.058+00 ' 4."E-03 1 5.5i6IE1 1.12E-02 1.48E+00 1.03E-02 2.26E+00
-- _______ 5.33E-0I3 4.56E-03 -' - 1.16E-02 -- ______ __________

Ii. 2.14E+03 8.708+00 4.008+03 1.51+E01 3.01E+03 9.340+00 2.0 i ?E03 5.72E+00
I 2.21E+03 3.75E+03 -.4E0 LUPO______ _ _- -___

1 .2+1Nit 9.91E+00 NA 1.O1E+01 INA 9. rIE*00 NAI
1.02____+0__ I ~9.94+00 1.00E+011 9.81E+00NA: Not Avil table. -

Value less then Dl. or less
Analyties with a portion of
Analytes with a portion of

than 5 percent
the clata below
the clata below

above the OL.
3 times the DL.
10 times the DL

cn
Ln
I-

I I

M
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This appendix includes a description of the statistical model that
describes the structure of the data from core samples taken from
_Tank 241-T-111. Equations are also presented for estimates of the mean
concentration, the variance for the mean concentration, and the CI on the mean
concentration.

The statistical model that describes the structure of the core composite
data is

YIk 1A+ S, + C + AJk, i -1,...a, j -1,...bi, k-1, .... ni3, (1)

where

y - laboratory results from the kth duplicate of the jth
composite of the it" core from the tank,

A a the grand mean,
S; the effect of th i

- the effect of the icore (spatial effect),

r - the effect of the jt composite sample from the i" core,

A - the analytical error associated with the kth duplicate in
the jt composite from the i core,

a - the number of cores,

b - the number of composite samples in the ith core and

n - the number of analytical results from the jth composite
- sample in the c re.

For cores 31 and 3_there are two core composite samples (i.e., bi - 2).

The variables S, and C_ are treated as random effects. It is assumed
that Si, C11 and Aijk are each distributed normally with mean zero and
variances 02 (S), a2(C) and a2(A), respectively. Estimates of 02(), 2(C) and
02(A) were-obtained using Restricted Maximum Likelihood Estimation (REML).
This method applied to variance component estimation is described by Harville
(1977).
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The mean concentration of each analyte of interest in the tank was
calculated using the following equation:

bi nl b, nj

S Yijk a ( +Ci, +Aijk)

a i. a .1 . a in.

where

bi nf1

,E jk bi (3)
. =-1 kl and n,. = fn .

i. j-1

This mean gives the results from each core the same weight regardless of the
unbalance that may exist for a particular analyte.

The variance of Y is

V(j) a Co2(S) + C202(C) + C3c2(A) (4)

where

a 2 2C ,C2 n 2, C, - 1..(5)
if

a a2 ., n+ -a 2 j. i

Using &2(S), &2(C), and &2(A) (REML variance component estimates), an
-estimated variance of --4s

d2(C) =IC8 2 (S) + CAd2(C) + C3&2(A). (6)

The approximate degrees of freedom used for &2(y) is the number of cores with
data minus one.

The lower and upper 95% CI limits (95% LL and 95% UL respectively) on
the mean concentration are

95% LL = Y - t.,, 2(y) and 95% UL = Y + t.,75 2(Y) (7)

where I- is the 0.975 quantile from a Student t-distribution with the
approxiinae degrees of freedom associated with 2 (D).
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RAG SUMHARY REPORT
03/12/85

iANK I
CfHPONENT HOLES

C1i61214
C14
CmZ42
Cun244

1120
Nb23m
N163
Np23I
Np230

Pa231
P233
Na340
Pb 205
Pb218

a.t-it
2.4-04
3.E-14
0. -1 0

S1E-o I
2.-21
2 E- il
2.11-010
2. -17

2 .1 -1It

2. -021
2. - 12
7 .11-01

4. -011

I .1-02

2 11-. -

2.-02

2I 2*-o

I.IE-04
I 1E-02
6.E-14

3 .E-o3

4 -10

3 . -10
2 .E-: 21

SD-WM-1I-C'57
PAGE A-049

ESTIHATED WASTE TANK INVENTORIES --

-106
CURIES

9.1-09
I.E-06
2.E-01
2.E-04
2.E-06

5.1-06

1.03
4.E-12
I.E-06

S.1-00
2.1-11
1.E-01
2.1-06
1.E-04
2.E-00
1.E-03
2.1#03
6.1-091
2.F-08

5.E-04
2.E-01
3.E*O-O
2.1-03
5.E-06
4.E-00
2.E-03
1.E-01

4.E-12

I.E-06
2.E-11
I.E-04
4 .- 12
a.E-09

TANK 1-109
HOLES CURIES

5.E-31
5.E-16
3.1-03
1.E-15
1.E-10

1E-01.E-23
I.E-6 .
6.E-22
B.E-17

2 E-03
3E-13
1 1-011)

7.E-12
6.E-01

1.E-11

3.E-01
1.E-05
6.E-03
4.E-02
1.E-14

6.E-OS
8.1-086
2.1-02
3.1-01
3.1-01

6.E-01
6.1-05
6.E*03
2.E-12
8.E-00
0.1-09

1.E-01
2.E-01
2.1-05

3.1-10
1.1-01
1.1403
6.1-00
1.E-0

3.E-03
4.1-02
2.E#01
1.E-03
8.1-07

TANK 1-110
HOLES CURIES

1.E-16
2.E-10
*.E-03
4.1-14
4.1-0S
5.E-07
5.E-26
4.E-I8
4.E-10

4,E-21
5.E-21
3.E-14
8.E-12
4.E-20

8.E-22

2.E-11
4.1-22
4.E-1

4.1-12
S.E-06
1.E-14
3.E-04
4.1-13

2.E-11
3.E-06
7.100
I.E-00
143-06

2.E-05
2.E-11
3.1-07
I.E-l
3.E:-OSIJ11

2.E-12
.E-06

8.E-36

4.E-20
2.E-12
4.E -20

8.E-14
3.E -01

I.E-14

5.E-0
2.E-05

3.E-00 1.E-05 0.E-07 7.E-08
1E-06 1.1-03 3.E-11 51.-05
2.E:3 4.-1 1E-12 2.101
6.1 6.1-06 2.1-20 2.1-3
1.E-10 2.E-12 6.E-16 6.1-12

2.1:5
9.3-22
5.1-02
2.F-311
2.E-2?

I.E-06
8.E-12
3.1-03
2.1-12
0.E-09

2.1-12
9.1-1I
6.E-30

3.E-06
5.E-11
1.E-13
9.E-12
2.E-11

TOTAL

TANK T-111
MOLES CURIES

3.4-18 4.1-11
4.E-10 6E-OS
2.E-02 2.E#01
1. -11 2.E-03
.11-01 2.E-03

3.E-06 I.E-04
1.E-25 4.1-11
o. 0,
a .E-19 I.E-IS
7.,E-17 6.E-06

I A-20 4 .1

0. 0.
2.EIF-0 2.E-03
0. 0.

0.1
0.
0.

0.
8.E-06
2.1-04
5. -04
2. -12

24-0.
2.E-11
4.1-32
S. -20
I.E-18

I.E-20
0.

.E-17
2.E--20

0.
0.
0.

0.
2.E-04
1.E-01

1.E-04

2.E-05
5.E-05
6.9-01
4.1-11
1.E-11

0.1-06
7.E-I
0.
3.E-11
4.E-11

I ST QUARTER. 1601

TANK T-112
MOLES CURIES

4.E-1S
I 1.E-09
4. E-02
2.E-12
1.E-07
I.E-05
2.E-25
0.
4.E-1
2.E-10

5.1-20
6.E-30
4.E-10
I.E-38

0.
0.1-37
1 E-35

3.E-17

4.1-37
1.E-05
2.E-03
1.E-03
8.E-12
5.E-06
3.E-11
1.E-I I
6.E-20

.E-15

4.E-15
1.1-20
2.E-37
9.E-1
2.E-29

6.E-I I
2.E-05
3.E#01
3.E-04
3.E-04

5.E-04
6.E-11
0.
9.E-11
2.E-05

1I.E I
4.E-37
3.E-04
1E-33

0.
1.E-37

8.1-11
3.E-07

6.E-39
3.E-01
I.E00
2.E-04
5.E-04

5.E-05
2.E-04
2.E#00
5.E-11

.E-11

2.E-05,
5.E-10
I.E-31
I.E-

5.E-11

TANK 7-201
HOLES CURIES

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.

0.
0.
0.

0.
0.

0.
0.

0.
0.
0.
0.
0.

0.
0.
0.0. ,.
0.
0. *.

0.

0.
0.
0. -

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.

0.
0.

0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
. 0.

0.
-0.
0.

TANK T-202
HOLES CURIES

7.E-22
4.E-11
6.1-OS
0.
0.

0.
2.E-29
0.

7.E-24

2.E-24
1.1-23
0.
0.
0.

0.
0,

* 0.
2.E-25
1.E-24
0.
0.
0.
2.E-06
0.

2.E-13
5.E-14
0.
O .E-24

-1. 1

1.E-22
2.E-23
0.
2.E-20
3.E-33

SSUMPIIONS USED IN TIS MODEL ARE STATED At END OF REPORT

)

c
m

-u
0

m3
c0

9.E-15
6.E-13
5.E-02
0.
0.

0.
a.E-15
0.
2.E-14
6.E-13

0.
0.
0.

0.
0.
0.
1.1-15

0.
0.
0.
3.1-0l
0.

2.E-12
3.E-0?
0.
9.11
2.E-14

6.E-13
1.E-13
0.
2.1-14
I.E-15

C>
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TRAC SUMMARY REPORT
03/12/85

SD-WM-TI-057
PAGE A-050

ESTIMATED WASTE TANK INVENTORIES -- TOTAL I ST QUARTER, 1981 --

TANK T-108
COMPONENT MOLES CURIES

Po214
"!o215
Po2 18
Pu238
Fu239

U240
Pu241
Ra223
Ra225
Ra226

RuI106
SE 26
Sb 1261n
S 79

Sh126
S ,90
Tic99
Th227
Th229

Th230
T623 1
lf 234
11207
U2-33

3 E-211
2 E-22
2 E-22
2 E-06;
3 E-01

6 E-03
3 E-05
I E-13
7 E-161
7 E-14

5 E-10
3 E-09
3 E-12
2 E-03
2 E-02

9 E-03
4 E-01
2 E-01
2 E-13
1 E-10

5 E-10
5 E-11
2 E-08
3 E-17
2 E-06

9 E-06
1 E+01
2 E+03
9 E-05
9 E-01

2 E-08
1 E+03
3 E+00
7 E.03
0.

2 . E -11
I E-06
2.E-11
8 E-03
S.E+00

4.E-01
8 E-01
1 E-06
6 E-09
2.E-11

2 E-04
3 E-02
3.E-02
9 E-03
I .E+02

3.E-02
4 E+03
3 E-01
1.E-06
6.E-09

2 E-09
6.E-03
I E-Ol
1 E-06
4 E-06

I E-05
6 E -03
I.E-Cl
4 E+03
2.E-01

TANK T-109
MOLES CURIES

1 E-28
1 E-21
I.E-22
4 E-07
3 E-02

7 E-04
3 E-06
7,E-13
7 E-16
3 E-14

5 E-11
3 E-10
4 E-13
1 E-02
3 E-03

1 E-03
7 E-03
1 E+00
I E-12
I E-10

2 E-10
I E-11
7 E-09
2 E-16
2 E-06

3
3
5
2
1

2
2
2
8
0.

0.
0.
0.
0.
0.

E-06
E.00
E+02
E-06
E-01

E-07
E+04
E+00
E+02

.E-12'
E-06

.E-12
E-03
E-01

E-02
E-02
E-06
E-09

.E-12

E-05
E-03
E-03
E-02
E+01

E-03
E+01
E+00
E-06
E-09

E-10
E-03
E-02
E-06

.E-06

E-06
E-03
E-02
E+01
E-02

0
0
0
0
0

TANK 1-110 TANK T-111
MOLES CURIES ' MOLES CURIES

.E-21 l
4 E-22
7 E-22
1 E-04

,1 LE+01

3 E-OjI
3 E-03
2 E-13
2 E-18
2 E-13

i3 E-11 
4 E-09
4 E-12
5 E-13
3 E-02

I E-02
4 E-01
6 E-11
4 E-13
3 E-13

2 E-09
8 E-11
4.E-08
7 E-17
:3.E-09

5.E-Os
2 E+01
3 E+03
9 E-05
i. IE+00

2 E-17
0.
2 E-03
1 E+07
0.

6. E-11
3.E-06
5.E-11
4 .E-01
2 E*02

2.E+01
6 .E+01
3.E-06
2.E-11
5 E-11

1 E-05
4 E-02
4 E-02
3 E-12
I E+02

4 E-02
4 E*03
1 E-10
3 E-06
2 E-11

1.E-08
I E-02
2 E-01
3 E-06
7.E-09

7.E-05
I E-02
2.E-01
5 .E03
3.E-01

0.
0.
0.
0.
0.

II.E-27
1E -21
1.E-21
2 .E-04
8 .E+00

4.E-01
6.E-03
8 . E- 13
5 E -1!
3 . E-13

I E-1:0
4 E-09
4 E-12
0
2 E-O?

A E-02
3 E -04
c. +
9.E-13
St. E-1 3

4 .E-09

I E-07
2.E(-13

2 A1 -1i3

8.E-09

8.E-05
5 .E+01
8.E+03
8 .E-05
I . E000

0,
0.
0.
S1.E+07

0.

9.E --11
6.E-06
7 .E-11
1.E-01
1.E+02

2.E+01
2.E02
6.E-06
4 E-11
7.E-11

4 E-05
4 E-102
4 E-02
0.
6 E+01

4.1-02
4.E+03
0.
6 E-06
4.E-Ill

2.E-08
3.E-02
6 .E -01
6.E-06
2 .E -08

1.E-04
3.E-02
6 . E-01
4 .E+03
,3.E-01

0.
0.
0.
0.
0.

TANK T-112
MOLES CURIES

9.E-27
3 E-21
8.E-21
3 E-03
1 E+01

7.E-01
1.E-02
2.E-12
6.E-18
2 E-12

9.E-10
5.E-09
6 E-12
5 E-38
2 E-02

2.E-02
5.E-01
3.E-36
3.E-12
1. E-12

3. E-08
7.E-10
4. E-07
5 . E-16
I.E-08

7 E-04
2.E+02
3. E+04
1.E-04
1.E+00
0.
0.
6.E-03
1 .E+07
0.

TANK T-201
HOLES CURIES

6.E-10
2.E-05
5 E-10
1.E+01
2.E+02

4.E+01
4.E+02
2 E-05
6 E-11
5.E-10

3.E-04
6.E-02
6.E-02
3 E-37
8 .E01

6.E-02
6 E+03
5.E-36
21E-05
6.E-11

1E-07
9 .E-02
2.E+00
2.E-05
3.E-08

1.E-03
9.E-02
2. E+00
6.E+03
3 . E 01

0.
0.
0.
0.
0.

TANK T-202
MOLES CURIES

2.E-30
1.E-28
2.E-24
S .- 07
2.E-02

1.E-03
2.E-05
5.E-20
1.E-21
5 . E-16

0.
0.
0.
0.
0.

0.
0.
0.
8.E-20
2.E-16

6.E-12
6.E-17
0.
2.E-23
5.E-12

1.E-07
2.E-05
0.
0.
0.

0.
0.
0.
3.E+02
0.

I.E-13
6.E-13
1.E-13
2.E-03
3.E-01

6.E-02
5.E-01
5.E-13
9.E-15
1.E-13

0.
0.
0.
0.
0.

0.
0.
0.
6 E-13
9.E-15

3.E-11
8.E-09
0.
6.E-13
I.E-11

2.E-07
8 .E-09
0.
0.
0.

0.
0.
0.
0.
0.

ASSIUMPTIONS USED IN THIS MODEL ARE STATED AT END OF REPORT

CONTINUED
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TRAC SUMMARY REPORT
03/12/85

SD-WM-TI-057
PAGE A-051.

ESTIMATED WASTE TANK INVENTORIES -- TOTAL I ST QUAIRTER. 1981 - CONTINUED

TANK T-108
COMPONENT MOLES CURIES

611507
03

C aCe
c1

Cr
EDTA
F
Fu A
f e(CN16f

HIDTA
K
La
Mii
N92

NO3
Na
Ni.
OH
P(4

0.
1 E+04
6.E-33
5 E-01
4 E-06

2
4
6
6
1

4
7
3
0
2

Pb
S103
S04
Sr
ZrO

E+03

E+04
E+04
.E401

E+02

E+02

E+04
E+05
E-03
E+04
E05

E-11
E+01
E+03

E+03

0.
0.
0.
*0.
0.

TANK T-109
MOLES CURIES

0.
3. [+05
6 e-34
2 E01
1 E-04

1.E+02
0.
1 E*04
2 E+03
3.E*00

0.
3 E+01
0.
0
2 E+04

3 E+05
1 E+06
6 E-04
8 E+03
S E+04

0.
0
0
0
0.

0
0
0
0
0

0
0,
0,
0
0.

0
0
0
0
0

3.
4
a
0.
3.

E-10
E +03
E+04

E 02

0.
0.
0.
0.
0.

0.
0.
0
0.
0.

0.
0.
0.
0.
0.

TANK T-110
MOLES CURIES

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

2.E+04
0.
9.E+03
4 . E+05

0.
0,
0.
0.
0.
0.

0 3.E+04
0 8 E+04
0 0.
0. 1 E+08
0. l.E+07

0.
0.
0.
0.
0.

6.E-11
2 E-05
2.E-03
0.
4 E-01

0
0
0
0
0

0
0
0
0
0

TANK T-111
MOLES CURIES

0.
0.
0.
0.1
0.1

3 .+04
0.
3 .03
4 .E+05
0.1

0
0
8 F+03
2. E+04
0.

0.
0.
0.
2 .E+06
1. E-07

1.E-10
0.
0.
0.
3 . E -0 1

0..
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

TANK T-112
MOLES CURIES

40.
0.
0.

0.

3. E+04
).
3 .E03
S .E+05
0.

0.
0.
S.E+02
2.E+03
0.

4.E-28
5 .E-07
0.
2. E+01
1 .E+07

4 E-10
6 E-30
6 E-03
0,.
4 .E-01

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

TANK T-201 TANK T-202
MOLES CURIES MOLES CURIES

0. 0. 0. 0.
0. 0. 0.- 0.
0.1 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
I .E+01
0.
1. E+01
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

2.E+02
0.
2 .+04
0.
0.

0.
2 . E+04
1.A+02
3 .E+02
0.

1.A+05
2. E +05
0.
5. E+04
3 .E+03

S.E-18
0.
3 .E02
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

ASSUMPTIONS USED IN THIS MODEL ARE STATED AT END OF REPORT
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Westinghous
Hanford Company

WHC-EP-O806
Internal

Memo

West Tank Farms
372-3919 T4-08
March 3, 1994
TANK T-111

D. A. Turner

H. Babad
0. C. Board
V. C. Boyles
0. A. Bragg

iR. G. Brown
kR. J. Cash
G. M. Christensen
C. DeFigh-Price
A. J. Duckett
G. T..-Dukelow
J. C. Fulton
J. M. Grigsby
G.; A. Hanson
J.'0. Honeyman
M. N. Islam
G. 0. Johnson
R. 0. Wojtasek
JHW File/LB

OperationsFrom:
Phone:
Date:
Subject:

To:

References: (1) Internal Memo, Organic Tank Safety to J. H.
al., "Tank T-111" dated February Z8, 1994

In accordance with your recommendation in reference 1, Tank T-111 has been
placed on the organics tanks Watch List. Operational Specifications for

-atch -ist TankY--SD-T-i5i-OO3O) has been changed to add tank T-111 to the
Organic Salt List in Appendix A. Notification of this change was included
in the Daily Operating Report (DOR) on 3/3/94.

J. H. Wicks, Manager
West Tank Farm Operations

Hanford Operatanh and Engsneenng Contractor for the US D.pantm.nt of Energy

please call David P. Reber (373-5385).

C-6

If you have any questions,

94-003

RZ-78

R2-78
S1-57
Rl-49
Rl-49
R2-11
R2-78
H4-21
R2-31
HO-39
R2-78
R2-31
HZ-62
R2-08
R2-52
R2-08
R2-178
R2-36

cc:

t-. '*

N. ~dA~
IN.

J.
D.
G.
D.
R.

.
M.
M .
A.
T.
R.
3.
M.
M.
0.
N.
J.

W.
M.
J.
J.

W.
A.

E.

E.
P.
H.
3.
S.
W.
L.

Lentsch
Lucoff
Miskho
Newland
Ni
Osborne
Payne
Plys
Postma
Rainey
Rayond
Sederburg
Shannon
Sutey
Wang
Kirch
Lee

-78
. '6

RZ- 2
R2- 3
SS-07
RZ-78
R2-31
HZ-62
H4-61
R4-02
RZ ~3
R2-
H4-c.
RI-49
R2-78
R2-II
R2-36

Wicks, et



WHC-EP-0806

7A700-94.004Organic Tank Safety
373-2238 R2-78
February 28, 1J94
TANK T-111

To: J. H. Wicks

Babad
C. Board
C. Boyles
A. Bragg
G. Brown
J. Cash
M. Christensen
DeFigh-Price

I. Duckett
T. Dukelow
C.- Ful ton
M. Grigsby
A. Hanson
0. Honeyman
N. Islam
0. Johnson
W. Kirch____
L. Lee

R2-78
Si-57
R1-49
RI-49
R2-1 I
R2-78
H4-21
R2-31
HO-30
R2-78
R2-31

R2-08
R2-5F
R2-08Ah
R2-78'
R2-li I
R2-36

J. W. Lentsch R2-78
D. M. Lucoff N1-36
G. J. Miskho R2-12
D. J. Newland R2-36
R. Ni S5-07
J. W. Osborne R2-78
M. A. Payne R2-31 Wlyj
M. Plys HZ-62
A. Postma H4-61
T. E. Rainey R4-02
R. E. Raymond R2-54
7QP._:Sederbu~gd 2l~

. . Sfiannon H4-61
M. J. Sutey R1-49
0. S. Wang R2-78
J. H. Wicks T4-07
R. D. Wojtasek R2-36
DAT File/LB

(1) internal Memo, 0. A. Turner to H. Babad, et al.,
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Waste Tank Safety Program recommends that tank T-111 be placed on the organic
tanks Watch List, effective immediately.

The Tank Farms Plan Review Committee (PRC) made a decision on
December 1, 1993, that tank T-111 was to be treated as an organics Watch List
tank (Reference 4). This decision was prompted by the fact that portions of
tank T-III core material retrieved in 1991 and analyzed in 1992 exhibited
significant exothermic activity in Differential Scanning Calorimetry (DSC)
tests. The PRC also recommended that additional analyses be performed on
existing samples (Reference 4).

PNL has rerun a number of key analyses on tank T-il1 Core 33, Segment 2
samples (References 2 and 3). Reference I was issued after review of the PNL
analytical results to put the tank T-111 issue into perspective, based on what
we know at this time. Two conclusions were reached in Reference 1:

* No imminent safety hazard exists relative to the reactive
component identified in tank T-111 waste because of the high (~80

-wt.-) moisture content of the waste.

- Additional information on the active component in tank T-111 waste
is required. The observed exothermic activity can not be fully
accounted for based on reported total organic carbon (TOC) levels.

The recommendation to place tank T-111 on the organics tank Watch List at this
time is based on the following rationale:

- Tank T-111 Core 33, Segment 2 sample analyses performed by PNL
were conducted on material dried at 60 0C under vacuum in an effort
to reduce the scatter-previously encountered in analytical data.

PNL analytical results-indicate exothermic activity in the dried
sample of 215 cal/g (dry basis) from DSC tests (Reference 3). TOC
content was determined to be 4.1 wt.% (dry basis) using the
Furnace Total Combustion Method on dried sample material
(Reference 2). Waste moisture content was confirmed to be
approximately 80 wt.% (Reference 3).

-- The-attachment derives the energy equivalent of a 5 wt.% TOC (dry
basis) orginic-nitrate/nitrite mixture based on sodium acetate as
the organi4-waste surrogate:--5 wt.% TOC (dry basis) is shown to
be equivalent to exothermic activity of 151 cal/g.

-- eference 5 establishes interim criteria for organic Watch List
tanks at the Hanford Site. Single-shell tank (SST) waste is to be
classified as "conditionally safe" if its organic content exceeds
5 wt.% TOC (dry basis) and its moisture content is >17 wt. %.

C-8
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If, as shown above, 151 cal/g represents the energy equivalent of
a 5 wt.% TOC (dry basis) organic-nitrate/nitrite mixture, then the
waste in tank T-III would be classified as "conditionally safe" in
view of its 215 cal/g exotherm and 80 wtA moisture content.

* SSTs with waste classified as "conditionally safe" are to be
placed on the organic tanks Watch List (Reference 5).

. Tank T-1I1 should, therefore, be placed on the organic tanks Watch
List.

* It should be noted that PNL's analytical results indicate a TOC
cnntsnt of only 4.1 wt.%-(dry basis) (Reference 2). This TOC
content, by itself,-would not qualify tank T-111 for the Watch
List. However, what matters from the standpoint of continued safe
interim storage (e.g. safety) is waste energy content (cal/g).
Tank T-II1 clearly qualifies for the Watch List on this basis.

It appears that tank 8-202 exhibits similar characteristics to those of tank
T-111. However, it is not the recommendation of the Waste Tank Safety Program
to place tank B-202 on the organic tanks Watch List at this time. The

-preliminary and incomplete analytical data have yet to be confirmed and
further evaluation is necessary before making a final decision about tank
8-202.

Please call (373-2238) if additional information or discussion would--be
-beneficial.

0. A. Turner, Manager
Organic Tank Safety

mjs

Attachment

C-9



- wnL-tr-ua

Modeling T-111

A simple model of T-111 was made on the ESP simulation program to attempt to
shed some light on the vapor concentration issue. This simple model would mix
about I liter of aqueous solution similar to T-111 and I liter of air. Some
NPH type organics were also mixed. The vapor phase leaving the mixture was
estimated.

Aqueous solution

The aqueous solution used for this simulation was:

H20
NaNO2
NaNO3

1000 g
0.54 g
30.7 g

Na2CO3 0.5 g

The model calculated this
with T-111 liquid density

to be 1.017 liters with a density of 1.026 compared
of 1.07.

AIR

One liter of air was introduce assuming only 02 and N2.

The model calculated that there was 1.08 liters of air

Organic

The organic chosen was of the NPH type.

C10H22
CI1H24
C12H26

0.3 g
0.15 g
0.05 g

This mixture is just an estimation.

Mixture Conditions

The mixture conditions were 72 'F and 14.7 psia.

Case #1

A total of 0.5 grams of the organic mixture was added to the mixture.

This resulted in the following vapor composition:

Component Vol %
H20 2.62 %
02 18.81%
N2 71.68%
ClOH22 ~O
C11H24 1.97%
C12H26 0.60%

C-10



The remainder of the organic was soluble in the liter of aqueous solution.
There was no organic phase.

Note that the vapor phase contained large amounts of the hydrocarbons. This
is well above what was measured. Several orders of magnitude.

Conclusions:

T-111 does not need a separable phase organic layer to explain the observed
vapor pressure of 9 ppm. Dissolved organics in an aqueous phase can explain

Had T-111 had a small amount of NPH floating on it, it probably would have
evaporated by now. Notice that the Cl0H22 is very much greater in
concentration. This means that over time, the C12H26 would tend to be left
behind. This has a smaller vapor pressure and is safer.

C-11
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January 14, 1994 R.M.BEAN

To - RM Bean

From DL Baldwin

o Balleie
-- -PacrfiNo-rthwest Laboratories

Subect FINAL T-111 (Core 33. Seament 2) DRY/AS-
RECEIVED TOC RESULTS FROM TWO METHODS. Rev. 2.

This is -the Final report of results from TOC/TIC/TC measurements of the
analyzed "dried" and "as-received" T-111 sample, ALO No. 94-2631, analyzed by
two methods, as follows:

1) Hot Persulfate method, in normal TIC/TOC mode, and TC mode,- FurnaceTo-tal Combustion method, in both TOC mode and TC mode.

The data on the drying of the sample, as performed by JM Tingey, shows the
samole to contain 18.4% solids. In this report, no corrections are made for
the "dried" samples results.

Description of Methods: Part
dxication method, Test Procedu
TOC, and TIC in Radioactive Li
Method". The M&TE No. for the
A&TE No

usec is

sV stem
steo fi
aca:nno
us5Zd inl

is 360-06-01-016.
review recorts or
aboha-d-glucose, K
Both materials ar

standards as well a
rs:, using acid onl
.he persulrate. TC
which TC was deter

minimize oossible loss of
Drecision is -:10% and the

1 of this work is done b
re PNL-ALO-381, rev. 0,
quids, Soils and Sludges
carbon measurements is

ly the hot persulfate
"Determination of TC,
by Hot Persulfate

WC01713, the balance
The data is located on the accompanying data

on file in-the-ALO Records Office. TOC standard
odak lot# BIF, and the TIC standard is reagent-grade

e used in liquid form, dissolved in water, for
s matrix spikes. Normal operation is with a TIC
y, followed by the TOC step on the same sample,
is calculated by addition. A modified mode was

mined, eliminating the TIC step. This should
any unmeasured volatile organics. The estimated
estimated accuracy is ±15%.

Par: 2 of this work is done by the furnace total combustion method, Test
Procecure PNL-ALO-380, rev. 0, "Determination of Carbon in Solids Usino the
Coulometrics Carbon Dioxide Coulometer". The M&TE No. for the carbon
measurements is W004981, the balance M&TE No. is 360-06-01-023. The data is
ocated on the accompanying data sheets, review reports or on file in the ALO

Recor:s Office. TOG standard used is alpha-d-glucose and the TIC standard is
CaCOI. Both materials are used in solid form for system standards as well as
matr'x spikes. As per normal procedure, TC is determined at 600'C on a
sample. Then TC is determined at 1000*C on a different sample. TIC is
calculated by difference. The estimated precision is ±10% and the estimated
accuracy is t15%.

QC Narrative: This sample was analyzed on 1-10-94. The QC for both
all came within required MCS-033 limits, with no apparent outliers.

methods
For the
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persulfate method, the TIC and TOC system standard recoveries ranged 'rom
91.9% to 101.5%. The system blanks were consistent. The RPD's (Relative
Percent Difference) for the dried sample, analyzed in duolicate, ranged from
3% to 10%. The matrix spike recoveries were 95% and 119%, respectively, for
TIC and TOC, and-119% for the "crushed" sample TC spike.

For the furnace total combustion method, the TIC and TOC system standard
recoveries ranged from 93.9% to 99.3%. The system blanks were consistent.
The RPO's for the dried and as-received samples, analyzed in duplicate, ranged
from 3% to 16%. The matrix spike recoveries, at 6000C, were 102% anc 83%.
respectively, for the dried and as-received samples.

Table 1: Hot Persulfate Method Results

sample TIC
Samole wt (a) M)

T-111 Dry-1
T-111 Dry-2

0.1304 0.41
0.1857 0.42

T-111 Dry-3 Spike
T-111 Dry-4 (crushed)

7-111 Dry-A (crushed)
7-111 Dry-B (crushed)

RPD
r-1.

3

95% TIC Recovery
0.1638 0.52

TOC RPD
i. Z%)

0.94
1.04
(avg=0

1.74

10
.99%)
119%

(avg=2. 00%)
I 9%7-2 i Dry-C (crushed) Spike

TC RPD

1.35
1.A6 8
(avg=1.41%)

TOC Recovery
2,25

1.90
2.09 10

TC Recovery

Unfissotvec small black :nunKS of materlai werg coservec in :-eacZan flask. incicaing
,ncciete reaction.
The criec material was :cmoosec of larce trunks. therefore :t Mas Crusrec. fn :rcer to al'cw
Detter aissolution. imorovec cissolution was ooserved. but stt7i blacK undissoivec fines
nere seer.

2 Samoies nroucn 4 -ore analyzez is-ver--riaai tC/TOC oroceoure. Sanoie A t.roUq C wereanalyze- by mqaim ec -- rcturr:. In .iis zase. :Me zersulfate ant acc were @cc it fle
same ';me :o :'e samin:. zeieting the 7C stez. minimizing :css iv iit :. 1 o0ss jola, t
organic material

£54-30C0- it /S)
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Table 2: Furnace Method Results

sample
Samnie wt (a)

T-111
T-111
T-111

Dry-!
Dry-2
Dry-3,

(600'C)

Spike

T-111 Dry-1 (1000'C)
T-111 Dry-2

T-111
T-111
T-111

As-Recd-i (6004C)
As-Recd-2
As-Recd-3, Spike

T-iii As-Recd-IJ1000'C)

0.01495
0.01864
0.02345

0.03158
0.02333

0.04890
0.10883
0.09272

0.04227

TIC
(5)

RPO
IL

102% Recovery

83% Recovery

TOC RPD
.() .(-

3.76
4.41 16
(avg-4.09%)

0.90
0.87
(avg-0

TC RPD
(52. (52

4.69
4.99 6.2
(avg=4.84%)

3.4
.89%)

0.98

7n :ne furnace metmcc. TcC oniy is consicered to be released at
consicered to :e teleasec. Note that aifferent weigned samples
cifferent temoeratures.

600'". At .000C', 7C is
are usec at the two

CONCLUSIONS:

1) The Hot Persulfate method alone provides one conclusion,
is no loss of volatile organic material in the TIC step.
appear to agree well with the earlier reported "as-recei
results, after accounting for the water weight loss.

that there
The results

ved" sample

2) The Furnace method results, in comparison, indicate that there is
aditional organic material present in these samples. This
additional orcanic material was, for some reason, not fully-oxidized

- by hot persulfate, but required oxidizing with some stronger oxidant,
(e.i., oxygen) at elevated temperatures.

3 In the dry material, from the
4.09%, the total TC found was
persulfate method, with total

Furnace method, the total TOC found was
4.84%. This compares, from the hot
TOC found of 0.99% and total TC found

C-15
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of 2.0%. Both method results show good agreement between "dried" and -
"As-Recieved" results, after accounting for water weight loss.

-4).The missing-additional organic material, in the dried s -,
amounts to:

TC comparison:
TOC comparison

(4.P4l = 2.00%)
(4.09% - 0.99%)

Concur by:
File: T-I1.RMB
System File: rot o'a"

3. .%
= 3.1%

Date: y

54-3OOO-1oi (.o/39)
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DON'T SAY IT --- Write It!

TO: Distribution

DATE: June 9 1994

FROM:

,-

C. _. -Delegard

Telephone: 373-4658

SUBJECT: CENTIFUGATION AND ANALYSES OF SLUDGE FROM TANK 241-T-111

Attached please find Internal Memo 8E110-PCL94-046,
"Centrifugation and Analyses of Sludge From Tank 241-T-ll1."
The attached IM provides recent thermal analyses of the
centrifuged sludge and completes the reporting of the
tank 111-T centrifugation tests. The attached IM replaces
IM SE110-PCL94-043, same subject. Please discard the IM
8E110-PCL94-043.

5-3000-101 (12/92) GEF013
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Westinghouse Internal
Hanford Company Memo

From: Process Chemistry Laooratories SE11O-PCL94-046
Phone: 373-4658 T6-09
Date: June 9, 1994
Subject: CENTRIFUGATION AND ANALYSIS OF SLUDGE FROM TANK 241-T-111

To: 0. B. Engelman 1-49

cc: H. Babad R2-78
S. Ba0rne~y TO 1,

D. R. Bratzel R2-12
J. M. Frye T6 -30
J. R. Jewet T6-09
J. G. Kristtz ki T6-06
L. M. Sasaki R2-12
C. S. Simmons K6-77
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C. S. Sutter T5-12
D. T. Vladimiroff R2-12
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References:

(1) Internal Memo,-G, S. Barney-and C.-H. Delegard-to
0. B. Engelman, "Test Plan for Centrifuge Drainage Tests
of Tank 241-T-hIl Siudg-S-amples," dated May 3, 1994.

(2) Internal Memo, G. S. Barney to D. W. Jeppson, "Results of
Centrifuge Drainage Tests for Simulated Infarm-2
Ferrocyanide-Sludge," dated March 28, 1994.

INTRODUCTION AND SUMMARY OF RESULTS

In Reference 1, a laboratory test procedure was described to deter-mine the
liquid retention capacity of sludge from tank 241-T-ill (111-T). Tne test
procedure was based on a study, described in Reference 2, conducted to
measure sludge drainage rates. In the present studies, tests were designed
to simulate the drainage of interstitial liquid from the existing 14-foot
(4.3meter) overburden of sluc~e in 1I1-T should salt well pumping at the
tank bottom take place.

Pressure-enhanced drainage was imposed in the laboratory by removing
interstitial solution from samples of genuine sludge by filtration through
coarse-frit glass in a centrifugal field of 500 times gravity (500 G). This
field simulates the 4.3-meter sludge hydrostatic pressure at the tank
bottom. The weights of liquids extracted and sludge retained were measured
intermittently over a period of about five days. By knowing the water
concentration of the original sludge and the expressed liquid, the amount of

liqid_ remaining -n the udge cake could- b-e determined and compared with

Hanford Operations and Engineering Contractor for the US Department of Energy
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water contents of the sludge cake measured directly at the end of
centrifugation.

Four sludge samples from l1-T were tested in duplicate by this procedure.
Results showed the water content of the initial sludges ranged from about 69
to 80 weight percent (wt%). Centrifugation filtering produced compressed,
but still damp, sludge materials and quantities of expressed liquid. The
rate of liquid removal from the sludge cake was rapid in the initial hours
of centrifugation and slowed considerably after two days' centrifugation.
The water content of the sludges after two days' centrifuging ranged from 58
to 66 wt%; after five days, the water content decreased a further 1.6 wt%
for each sludge on average.

The experiments and measurements performed to determine the solution
retention of the centrifuged sludge samples are described in this report.
Ancillary chemical and thermal analyses of the intact and separated sludge
and solution fractions alsn Arp rennrtoA

EXPERIMENTAL MATERIALS AND METHODS

Archive sludge samples taken in 1991 were used in these tests. The sample
materials were derived from segments 3 and 7 of core 31 and from segments Iand 7 from core 33. The segment numbering proceeds, in order, from top
(segment 1) to bottom (segment 9) in 19-inch (0.5-m) increments
corresponding to the length of the segments.

The experimental approach used in the centrifugation tests generally
followed the methods described in reference 1. The experimental
observations were recorded in notebook WHC N A;A 1

Coarse-frit g z i ,iters (40 to 60 gm pore size) fused into 1-cm diameter
Qogss tubes (about 8 cm long) were used as the filtration medium. Samples
of well-mixed sludge were introduced to the top of frit filter surface by
plunger-type polyethylene thief samplers. Tare and gross weight
measurements (t 0.00005 grams using a five-place balance) of the tubes
before and after introduction of sample were obtained. The glass tubes were
placed in screw-top polypropylene 50-mL capacity centrifuge tubes and
reweighed. Sample weights ranged from about 1.8 to 3.4 grams. Most sample
weights were about 2.3 grams.

The tubes with samples were spun in a centrifuge located in an open-face
hood in the-222-5 Laboratory-at a-target velocity of 16RO revolutions per
minute (RPM). This velocity corresponded, at the 15.8 cm distance of the
sludge from the axis of rotation, to a field of 500 G at the filter frit
disc. Measurements of the rotational velocity of the centrifuge were
obtained during the course of the experimentation using an optical
tachometer. The nine velocity measurements ranged from 1617 to 1720 RPM
(i.e., 464 to 524 G) and averaged 1684 RPM (501 G). The temperature within
the centrifuge was about 1'C above ambient lab temperature. The lab
temperature ranged from about 19 to 24"C during the experiments,
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The centrifuge was stopped periodically, the glass tubes and centrifuge
cones were weighed and the weights of centrifuged liquid and sludge were
determined by-difference. The liquid was sampled for analyses of water
content, density, thermal behavior and concentration of total organic carbon
(TOC). After 113 hours, the centrifugation was stopped and the sludge
analyzed for water content and thermal behavior. Samples of the original
sludge also were analyzed for water content and thermal behavior. Sludge
water content was-det-erm-ired by weight loss on oven heating to constant
weight at 116'C. For the water content determinations, original sludge
material sample sizes were 1 to 2 g; about 0.2 to 0.5 g samples were used
for the centrifuged sludge materials.

Densities of the original and centrifuged sludge were determined. The
densities of original sludge were determined by weighing sludge samples into
volume-calibrated graduated centrifuge tubes and noting the total sludge
solution pli'; ttle1-solids volume after centrifugation.

The compressed centrifuged sludges from the solution retention tests were
not sufficiently plastic to slump in the volumetric centrifuge tubes used
for density measurement, Therefore, the densities of the compressed sludge
were determined via a displacement technique using an immiscible liquid of
known density (n-hexane). Samples of the_ compressid-ludge were added to a
tare-weighed 5-mL volumetric flask, the flask reweighed, the flask filled to
the mark with n-hexane, and the flask again reweighed. The volume of added
n-hexane could be determi-ned-by weight and density. The volume and weight
of compressed sludge then was calculated by difference and the sludge
density calculated.

All chemical, physical and thermal analyses (except the water concentrations
of the centrifuged sludges and the densities of the original and centrifuged
sludges) were determined by 222-S Analytical Operations. The densities of
the expressed liquids were determined by weighing known volumes of solution
held in volume-calibrated pipets. The TOC concentrations were found by
acidified sample pyrolysis followed by coulometric titration of the product
carbon dioxide collected in a scrubber trap. Water content in the expressed
solution was determined by weight loss of sample due to heating in an oven.

The thermal analyses included differential scanning calorimetry (DSC) and
thermogravimetric analyses (TGA). All sludge and expressed solutions were
analyzed by DSC/TGA. The DSC determined if a heat-producing (exothermic)
event occurred. An example of an exothermic reaction would be the oxidation
of organic carbon by nitrate. The TGA snowed fational weight changes
(e.g., weight loss by water evaporation) as a function of increasing
temperature. Thus water concentration values were obtained via TGA for all
samples.

RESULTS AND DISCUSSION

All the original sludge samples were dark brown in color with a pasty but
slightly gritty consistency. Sludge samples from the segment 1 and 3
archives showed no natural segregation whereas the segment 7 samples had
about 10% supernatant solution. The entire contents of each archive sample
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were mixed prior to drawing subsamples for testing. Subsampling from the
same archive vials two days later showed separation of supernatant solution
had recurred in the segment 7 samples but again no supernatant solution was
found for the segment 1 and 3 samples. Centrifugation resulted in the
drainage (through the glass frit filters) of yellow liquids from all sludge
samples and the production of a sludge cake that was smaller both in height
and diameter than the original sludge (i.e., the sludge compressed as well
as shrunk away from the glass tube wall).

The water content of the centrifuged sludge was calculated by weight loss of
the sludge as centrifugation proceeded, the water content of the original
sludge, and the water content of the expressed liquid. The water content of
the centrifuged sludge, after 113 hours' centrifugation at 500 G, was also
determined directly via oven weight loss. The water content data, presented
in the Figure, show the original sludge was about 80 wt%_water for the
segment- 1 and 3 samples and about 74 wt% for the segment 7 samples taken
near the tank bottom,--ThJgh thearchive-segment 7 samples had supernatant
liquid while the segment 1 and 3 samples did not, the segment 7 samples had
lower water content than the segment 1 and 3 samples.

i' 1 3 ,ours]

Water in Sluage

Via 0ven)
\

Core 31 /Seg. 3

Core 31 Sp- -

Core 33/Seg. 1

Core 33 7eo. 7

+

a,

c 0 40 60 8C 100 120
CenTrifugation Time (hours)

Figure. Water Concentration in Centrifuged 111-T Sludge.
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The sludge samples lost solution (and water content) quickly in the initial
three hours of centrifugation. The rate of weight loss decreased with time
of centrifugation. After 113 hours, the water contents of the segment 1 and
3 samples were about 63 wt%; the segment 7 samples were about 58 wt%. The
water contents of the centrifuged sludges determined by direct measurement
of oven weight loss were about 65 wt% and 61 wt%, respectively.

The water content data of the individual replicate sludge samples are given
in Table 1. The data show precision in the replicate measurements of about
0.5% relative or 0.8% absolute in the oven measurements and about 1.3%
relative or 1.9% absolute for the calculated values based on the sludge
weight losses. The oven values are about 2.8 ± 1.0% higher, on average,
than the calculated values. The bias probably is due to the cumulative
effects of water vapor loss from the centrifuged solution during each
weighing operation. For this reason, the oven wt% water values are judged
to be more reliable than the calculated values.

Table 1. Water Content of Sludge During Centrifugation.

Core/ Centrifugation Time (hours)
Seg/ 113

Dup 0 3 23 26.5 42.5 45 49 113 (Oven)

31/3/1 79.54 6 C6 65.8 65.4 64.7 64.5 64.6 63.0 65.14

31/3/2 67.7 64.4 63.9 63.6 63.5 63.4 61.5 64.78
31/7/1 74.52 63.1 60.6 60.2 59.7 59.8 59.8 59.1 62.28

31/7/2 62.0 59.2 58.7 58.3 58.2 58.2 57.1 61.83

33/ 17971 68.7 67.1 66.8 66.4 66.5 66.3 64,4 65.74
33/1/2 69.3 67 .0 66.7 66.3 66.4 66.2 63.8 65.23

33/7/1 73.87 61.8 59.9 59.4 59.1 59.2 59.3 57.3 59.66
33/7/2 61.3 58.8 58.2 57.7 57.8 57.8 56.6 60.23

The chemical and thermal analyses of the
summarized in Table 2. Exotherms were f
exotherms decreased as the sludge sampli
were greatest at the top). The wt% wate
mater-i-at were determined both by weight
to dryness in an oven, and by TGA, using

original
ound for
ng depth
r values

sludge materia
all sludge samp
increased (i.e.
of the original

Is are
les.
, exot

loss, using 1 to 2 g sampl
30 to 50 mg samples.

sludge

The
herms

es heated

As shown in Table 2, the oven values for wt% water were higher than the TGA
values. The values derived bv oven weight loss are judged to be more
reliable than the TGA values because they showed higher precision (better
reproducibility in their dupTicates), were obtained from larger, more
representative samples, and thus were less subject to evaporative weight
losses prior to initial weighing. The smaller TGA samples would be apt to
lose more weight, on a rela-t-i-ve -basis, than the larger oven samples because
they have a higher-surface area to volume ratio. The oven-determined wt%
water duplicate values for particular core/segment samples were averaged for
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use in calculation of the
s ludge.

water content of the corresponding centrifuged

Table 2. Analyses of the Original Sludge.

Wt% Water

Core/Seg/Dup Oven TGA Density (g/mL) Exotherm (J/g)

31/3/1 79.47 76.33 191

31/3/2 79.60 77.10 1.24 112

31/7/1 74.28 72.99 33.1

31/7/2 75.16 75.12 1.19 10.2

33/1/1 79.64 77.12 249

33/1/2 79.48 79.04 1.16 254

33/7/1 73.93 81.95 41.4

33/7/2 74.20 74.24 1.20 375

The chemical, physical and thermal analyses of the solution samples are
summarized in Table 3. Though the samples (especially the segment I and 3
materials) contained organic carbon, no exotherm was noted in the DSC of any
of the solutions. Acajn,_both oven and-TGA values of wt% water were
determined and, for the same reasons, the oven values judged to be more
reliable. The average value of the oven-determined wt% water duplicate
analyses for particular core/segment samples was used to calculate the water
content of the corresponding centrifuged sludge.

Table 3. Analyses of Expressed Solution.

Wt% Water

Core/Seg/Dup Oven TGA Density (g/mL) [TOCi (mg/L)
31/3/1 92.27 86.80 Insuff. sample 1620

31/3/2 91.65 85.13 1.040 979
31/7/1 88.87 80.80 1.065 210
31/7/2 88.52 85.40 1.087 140
33/1/1 95.41 87.02 0.990 1010
33/1/2 94.65 92.06 1.028 1000
33/7/1 90.02 85.50 1.089 180
33/7/2 - 89-44- 86.6 - 1.101 200

The -chemical and-physical analyses of the centrifuged sludge samples are
given in Table 4. The wt%s water derived from the-TGA are significantly
lower than those found by oven dryi-ng. -Substantial air-drying of the
centrifuged sTudge apparently occurred prior to the TGA determinations. The
DSC analysas showed that an a dry basis, centrifuged sludyes had exotherms
somewhat larger than the original sludges. For example, for sludge from
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segment1 of core 33 (which exhibited the highest exotherm of the four
samples studied), the centrifuged material had an exotherm of about 1700 J
dry sludge as compared to 1140 J/g dry sludge for the original material.
For segment 3 of core 31, the centrifuged sludge gave about 1150 J/g dry
sludge (the 1525 J/g value was not included in the calculation) while the
original sludge gave about 640 J/g dry sludge. The centrifuged segment 7
samples showed no measurable exotherms; exotherms for the original segment
sludges were about 100 to 200 J/g dry sludge.

7

Table 4. Analyses of Centrifuged Sludge.

Wt% Water

- Core/Seg/Dup Density (9/mL) Exotherm (J/g)
31/3/1 65.14 5.-1 .05 5469 465.3

31/3/2 64.78 56.92 1.12 1525.3. 544.9

31/7/1 62.28 58.94 1.16 0, 0

31/7/2 61.83 52.71 1.24 0
33/1/1 65.74 51.11 1.21 838.1
33/1/2 65.23 51.62 1.16 822.4
33/7/1 59.66 44.82 1.24 0

33/7/2 SO 21 45.48 .30

Please call should you have questions or comments on this work.

/7.

C. H. Delegard, Principle Senior Scientist
Process Chemistry Laboratories

am
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SAMPLE STATUS REPORT FOR T
DISPATCHED: 3/ 5/94 10:31
RECEIVED: 3/ 5/94 13:15

546. T-111 T-111 #1 TIME: 3/
SAMPLE HAS NOT BEEN SLURPED

EXT.

1001
5706
5711
5711
5712
5713
5714
5714
5720

-5725
5726
5727
5728
5729
5730
5750
5750
5771
5771
5771
5771
5771
5771
5778
5781
5781
5782
5783
57&6
5786
9114

RESULTS OR STATUS
***** *** **** ****** ******* ** *** *

DETER.

APPR/OTR
SPG
DSC
DSC
TGA
pH
% H20
% H20
TB
AT
TOC
TIC
N A

OH LIQ
GEA
ICP-LIQ
ICP-LIQ
IC
IC
IC
IC
IC
IC
CN LIQ
Pu239/40
Pu239/40
Am24 4
Np23-7

9 Qfl
Sr90
ARCHIVE

YELLOW CLEAR 1% SOLIDS
1.03610E 00 NONE

OUT FOR RERUN
INCOMPLETE
INCOMPLETE

1.15700E 01 NONE
OUT FOR RERUN
INCOMPLETE
2.21000E-01 uCi/ML
2.31000E-03 uCi/ML
4.73000E 02 UG C/ML
8.00000E 02 uG C/ML
3.61000E 02 uG/ML-
3.54000E 03 uG/ML
8.96000E-02 uCi/ML
2.04000E 04 uG/ML

< 5.05000E 00 uG/ML
1.95997E 03 uG/ML
4.77260E 02 uG/ML
1.33501E 03 uG/ML
2.91022E 04 uG/ML
8.06644E -0-3 uG JML
2.78205E 03 uG/I PAT

2.71000E 00 uG/ML
OUT FOR RERUN
INCOMPLETE-

3.9700-E-05 uCi/ML
< 1.38000E-05 uCi/ML
OUT POR RERUN

7.09000E-04 UCi/ML
INCOMPLETE

OUT OF GOOD CHARGE
RANGE? ANS? CODE

*** *** ******

N54D2
N Y N54D2

N54D2
N54D2
N54D2

N Y N54D2
N54D2
N54D2

N -- Y- N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N y N54D2
N Y N54D2
N y N54D2
N y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N y N54D2
N y N54D2
N Y N54D2

N54D2
N54D2

N Y N54D2
-N Y -N54D2

N54D2
N Y N54D2

N54D2

ENl nt' rEpnnm

C-25

9/94 9:31

Cs-137
Na
Al

F-
CL-

N02-
N03-
P04-

---SO4-
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SAMPLE STATUS REPORT FOR T 548. T-111 T-111 #2 TIME: 3/
DISPATCHED: 3/ 5/94 10:48 SAMPLE HAS NOT BEEN SLURPED
RECEIVED: 3/ 5/94 13:16

9/94 9:32

nETr.rfEXT.

1001
5706
5711
5711
5712
5713
5714
5720
5725
5726
5727
5728
5729
5730
5750
5750

5771
57715771
5771
5771
5771
5778
5781
5781
5782
5783
5786
5786
9114

RESULTS OR -STATUS
* *-*-*-*-* *-** * *** ** * ** *i* ** * ** *** * **** *

APPR/OTR
SPG
DSC
DSC
TGA

% H20
_TB
AT
TOC
TIC
NH4
OH LIQ
GEA
ICP-LIQ
ICP-LIQ
IC -
IC
IC
IC
IC
IC
CN LIQ
Pu239/40
Pu239/40
Arn241
Np237
Sr9O
Sr9o

ARCHTVP- _

OUT OF GOOD CHARGE
RANGE? ANS? CODE

*** *** ******

N54D2
N Y N54D2

N54D2

CLEAR YELLOW < 1% SOLIDS
1.03760E 00 NONE

OUT FOR RERUN
INCOMPLETE
INCOMPLETE
1.15900E 01 NONE
9.29000E 01 % H20
2.31000E-01 uCi/ML
2. 2000E-03--uCI/ML
4.18000E 02 uG C/ML
7.90000E 02 uG C/ML
3.70000E 02 uG/ML
2.70000E 03 uG/ML
9.21999E-02 uCi/ML
2.43000E 04 uG/ML

< 5.05000E 00 UG/ML
2.15977E 03 uG/ML
4.97640E 02 uG/ML
1.37823E 03 uG/ML
3.00138E 04 uG/ML
8.24791E 03 uG/ML
2.85180E 03 UG/ML
1.84000E 00 uG/ML

OUT FOR RERUN
INCOMPLETE
" 2.76000E-05 uCi/ML
" 2.89000E-05 uCi/ML
OUT FOR RERUN

3.030OOE-04 uCi/ML
TNCOMPLETE

N
N

N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2
N54D2

N Y N54D2
N54D2

END OF REPORT

C-26
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SAMPLE STATUS REPORT FOR T 550. T-111 T-111 #3 TIME: 3/
DISPATCHED: 3/ 5/94 10:49 SAMPLE HAS NOT BEEN SLURPED
RECEIVED: 3/ 5/94 13:16

9/94 9:32

-EXT -.-

1001
5706
5711
5711
5712
5713
5714
5720
5725
5726
5727
5727
5728
5729
5730
5750
5750
5771
5771
5771
5771
5771

5778
5781
5781
5782
5783
5786
5786
9114

-DETER-.

APPR/OTR
SPG
DSC
DSC
TGA
pH
% H20
TB
AT
TOC
TIC
TIC
NH4
OR_ LIQ
GEA
ICP-LIQ
ICP-LIQ
IC
IC
TC
IC
IC
I- -
CN LIQ
Pu239/40
Pu239/40
Am24 1
Np237
Sr90
Sr90
ARCHIVE

RESULTS OR STATUS

CLEAR YELLOW < 1% SOLIDS

OUT FOR RERUN
INCOMPLETE
INCOMPLETE

1.17800E 01 NONE
9.29000E 01 % H20
2.48000E-01 uCi/ML
2.49000E-03 uCi/ML
3.80000E 02 uG C/ML

OUT FOR RERUN
4.07000E 02 uG C/ML
5.22000E 02 uG/ML
2.89000E 03 uG/ML

-- 8.78000E-02 uCi/ML Cs-137
2.60000E 04 uG/ML Na

< 5.05000E 00 uG/ML Al
2.18774E 03 uG/ML F-
5.11930E 02 uG/ML CL-

--1.40658E 03 uG/ML --- N02-
3.16720E 04 uG/ML NO3-
8.83930E 03 uG/ML P04-
3.14581E 03 uG/ML S04-
2.39000E 00 uG/ML

OUT FOR RERUN
INCOMPLETE
< 2.81000E-05 uCi/ML
< 2.68000E-05 uCi/ML
OUT FOR RERUN

1.21000E-03 uCi/ML
INCOMPLETE

END OF REPORT

C-27

OUT OF GOOD CHARGE
RANGE? ANS? CODE

*** *** ******

N54D2
N Y N54D2

N54D2
N54D2
N54D2

N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2

N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N _Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2
N Y N54D2

N54D2
N54D2

N Y N54D2
N Y N54D2

N54D2
N Y N54D2

N54D2
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Estimate of plutonium concentration that would place 241-T-111 out of
specification with regard to established inventory limits.

50 kg 23912 OPu is the standard inventory limit for single-shell tanks'.

Therefore, 50.000 a 239/ 240Pu = 2.303E-05 a 239/240,
2.171E+09 g waste g waste

Approximate proportion of Pu-239 = 96%
Approximate proportion of Pu-240 = 4%

Specific activity of Pu-239 = 6.2E-02 Ci/g 2
Specific activity of Pu-240 = 2.27E-01 Ci/g

Specific activity for the pl-utonium in the waste:
O.96*(6.2E-02 Ci/g) + .04*(2.27E-01 Ci/G) = 0.0686 Ci/g 239/240

2.303E-05 q 2391240Pu * 0.0686 Ci * IE+06 uCi = 1.58 uCi
g waste g C3'[,4IPu Ci g waste

The estimates of historical inventory values for selected analytes were
derived from Agnew3. The estimates for 2C concentrations were done by taking
the average concentrations of the two flowsheet formulations, 2C 44-51 and 2C
52-56. The 224 waste concentrations were used as presented. These values
were multiplied by their respective volumes to develop the bulk inventory
estimates. The buld concentrations presented for ie tank were derivec by
multiplying each analyte's concentration by the frxtion its waste contributes
to the total inventory and adding them together, i.e. 0. 526*(2Cavg
concentration) + 0.474*(224 concentrations) = Bulk analyte concentrat-)n

'Boyles, V. C. 1992, Operating Specifications for Single-
Shell Waste Storage Tanks, OSD-T-151-00013, Rev. D-1,
Westinghouse Hanford Company, Richland, Washington.

2Van Tuyl, H. H., 1962, Fission Product Generation and Decay
Calculations, HW-75978, General Electric Company, Richland,
Washington.

3Agn= :, S. F. 1994, Hanford Defined Wastes: Chemical and
Radionuc- ie Compositions, LA-UR-2657, Los Alamos National
Laborator- Los Alamos, Mew Mexico.

C-28



WHC-EP-osnA
LAUR-9,4-2657

IIIW !4 MW 52- IC44- 1IC32- I R', 52- IR', $10- CWF/AJ.
151 156 IS1/CW SOICW 2C04-12C52-551#224 URPfOI PftCM )PF*CM2 IFeCN CF*CN SS 167 152-901

C44- IC52- iR' 52. rR',. J CWR,

rmc. proc. wlidOW 41/CIII 1561CW 12C44-5112C$2-S&0224 IUR/MP ' PFOC1 iPMCN !ftCN flCFCN Sig '67 150-61
NbNO3 0, 0 ,0 01 01 0.126, 0.135461 0.13547 Of 0- 0 0.2805 01
PWN02 oi 0, a a 01 01 01 0 0 0 01

-- N?- -- - a- - i 0.-70.1 0.17631 0. 10681 --- 1-0381 0.08341 0.063421 0.13

NaC30. 1 0.11 01 0 01 0 0 0 61 0' 0 0 0 0

IN13POA 0.26873- 0.23421 0.5587 0.58911 0.3119, Q.0047! 0, 0 01 0- 0 0.383, 0 0 0

Na2SO 0.46274 0.4741, a 01 0 01 01 0-147M 0.355131 0.35514 0 0Na 301 01 0.5024 0.50581 0.4083 0.231. 1 0.43804C 0.43805 --. 93 .

Al203.31420 0.61 O.6 0.0 0.9, 0.31 0.&3 O.S 0.07 0.07' 0.07 0.07 0.07 0.6 0.0 .
IN&AI2 - 0 01 0 0! 01 0' ol 0 Ol 0, 01 0 01 0

I0(H 1 0.9371 0.9374| 0.918! 0.8814i 1 10.9337- 0.859511 0.85951l 1 0.9365, 0.7404 O.S474; 1
C(H3 1 0 0 , 0' 0 1 0 0.5132 0.7165, 1

WA02 1 1 1 1 : t 0 ! I I I I 1 1 1
BIPo, 1 0.89871 0.89941 0.15525i 0.7866, 0.75871 1 0.886531 0.886531 11 0.6979. 1 1 1
Pb(OH)2 - 1 1 1 ! I 1, I I I j 1 1 1

La2O3 
0.601Z

NL3ELtS20 01 01 0 01 0tf 01 01 01 01 0 0 0 0 O
NAM" a f ol a 01 01 O 0 ; 0 0 go 0 0 0
N2 xalal 0 0 01 0 0- 0.25 0 01 0 01 0 a. 0, 0

itNTA _. a- 0 01 - 01 0 01 0 0 0, 0
N"4EDTA 01 1 01 01 0, 0 0: 0 0 01 01 0 ' Of
CaCQ3.6H420 I I 1 1 1 1 j I .
NI(OH)2 _ 1 1 1 11i l 0.29194 Q041 0.6569' 1 11
ZAJ(OH)2 -M 10.2991 0.2967'-.1 1 11 0.2951 1 11
Na2NFe(CN)6.SH20 I I - 1 1 1 1 1 g

PU 0 0.51 01 0.5361 Q -0 01 0 - 01 - - ;5 - 0-52 9i 9 0,2823. 0.89641
U02(CH)2W- H0----,-75 0.75; ".34131 0.981 1 0.956Y1 0.9289 01 0.49 0.49568[ 0.49569 0.48721 0,9800 0 1873, 0.55991 0.78991

--- 0 - 0 -- -0 - 0 0 0.12C I , 1 1 1 0 .2805. 0'Sr - E ' 05 0.5 0.-5----1 0:5 0.5 0.5 -0.5 0.5. O.S 0.5 O'1 0.61 0.6_

pD. mwdg !S4-1C5-W 2- !R', SO- .CWR,
pp W 5/CW 561CW 2C44-5112C52-560224 URr78P PftCM PFOCM '7F*C ICFOCN So '57 150-61

Na74421.3 84906 67763 91756 37520 85064: 84503 108028 112478. 59935. 149106 27267 30241 L 3908
Al 0 26886; 18364 01 0 al 0 -- O 0 0 0- 80416 56395 95185
Fe _0_ 8261.2' 5053.3 14346 21530 01 85341 17206.4. 1,870717 14366 17854 232M. 135191 0
Cr, 0 47,505, 66.147 31.335 31.029 35 236- 0 0' 0 O 19.034 12451 86255- 0Bi0 IM92 8542.2 20881. 30102 20690' 0 43S76,4i 49573.1 0 25403 0. 0. D
a - 0 0. 0- 26692 _ 0 ._ 0 0' 0- 0' 0--- 0 0 0 0- 0 0 0 0 0 0 Dr 0 01 01

ZrIO(0H)2 0 673.46, 506.03 0 0 0. 0 0; 0 0 1051.7 0 0 0
t 0 0_ 0 _0- 0 0 0 0 0 - 0- . 0N, a 0 0 0. 5296.88; 3929.25 244 717 0 ' 01
Sr0 0 0 0 0 0 0 0. 0 0 a 0 0 0

mm 0 0' 0 0 0 190.28 0 0- 0 a 0 0 0' 0
CA 0 0- 0 0 0 0 0 0 0 0 0 0 01 aK 0 0' 0 0 0 7789.5 0- 01 0 0 0' 0 0 0
density 1. 48011 1.3952 1.2648 1.2672 1.1383 1 2323 1.S282 1 49782 1.52137 T.3884 1.59431 1.5334 1.9941 1.7142|voI%80ildo 12 M37 -24.91 6.a, 3.4 3.9 1,2 3.7- T.2 1.4 6.5, 8.9 2.3 1 8.1
wd fa. 0.5032 0.6026 0.7555, 0.75061 0.9658 -0 9251' 0,5526 0.561931 0.49288 0.9942' 0.2781: 0.70m6 0.66881 0.675etM20 38.346; 65.494 73.SV 70.9_04 $127_3_ 68,962 30-.44a--- -.849-3 28,0527 81.58' 57.7WB 56.029' 38.078t 51.253

S c % 01 0l 0, 0' 0 0 41152 0 0.64959i 0.36973 1,45211 0.3474. 0
rene oH. ___I41.58 - 28,312L 73:-'3 19v 21m, -48. - -0.802 igt.367' 67.4196 701.21 33.3 9. 7 a 443 9.1

OH 02. 94144813325 19938 468,46 99214 18341.81 21283.4 26242- 17599' 168648 2204131 201774
N03- 2241.47 141M0 19717 42965. 42545 61615' 65015. 67454.7' 58250.4. 102120, 5673.5 67381 60603, 20060
N02- 0 3656.1 5090.7 0 0 0- 0 01 0 5600.1 1431.2 _ 0 0 26046
C03- 31987.6 0 0 0. 0 01 4363.5 0' 0 0 0 0 0 0P04-- 30383.9 95307' 68622- 96076 2656S 12477 4400.6 _24511.2' 26.59A. 1 8841 4 104824 0 0SO4 -564-7-8 - 2632.7 365827.-25 '122 199131968- 1100,7 1336.1 680.86 848.28 0S103- 40.6213 - 3048.1 2049.7 5981.9 4834.6 0 0 7981_57 9028-17. 0 5231 0 0- 2350.8
F-15579 4694- 7386.1 2494.2 46554 0 5909.52 642S.W9 0 7514.8 0 0 0Cl- 0 01 ' 0 -0 0 0 296.26 0 . - 0

CH7- 01 0 0- 0 0 0 0 0 ~ G. 0 0 0IEDpTA-- o 0 0 0 0 0 0 0 0 0
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I MW 44- MW S2- I1C44- 1C2 IM.. 12- R'. '9-CWR/AJ.
531 is# 11/CW 56/CW 12C44-5112CS2-560224 IUR/TSP PFsCN PF@N t~oCX I Crem IS$ 147 52-60

HEIDTA- 0 01 0 a 0 0 0 0' a, 0 1 al 01
-A 0 0 o 0 01 0 o' 0, 0 1 0- a- 0- al

mtycolste- 0, 0l a 0 0 ' 0. 01 0 0 01 0 0 0 ol
mcetmte- 0, 0 al 01 01 al ol 0 0, o 0 ol o

eaa- ___0,. 0, 0, ---- " 5227' 0 -0, a e 0 0, 0 0 0
TP0, 0 0, 0 0, 0 j 0 0 0 0 o 0 0 0 ol
6 0 0 a 01 0 Of 0 0, ol o 0, 0 01 ol

C~ie -------- 9 -- o - 0 01 ol 0
heoe0 a at 01 ol ol o 01 o 0 0, 0- o

NIFO CN 6- O 0 0 t ol 0l a 01 24415.6i 13396.81 696131 13057r 01 o' o
PfCUr '0.0047.. Q ".'I4 n.12471 0.AO21 M.Q1121 0.00411 0.0018, 0.000861 0.000761 01 0.317M 0.0102' 0.273, 1.837
U ugg 1642"1 75. '145.81 21o.sw 321.a2l 01 49947 169631 19212.11 472201 4468.2 2003.7 266601 25473

C* sCug) 0.628881 01 5.69941 53.679 108 21 0, 8.11051 7.1336J 0.120541 1286.21 814.41 41.255 1701.91 1.39731
- - Cg - 52._-._ . a___w03658s 6L434 -,14 018 -2944--.34971 O 4.2975, 94.4091 2466.5 14.487

1C44. CS2. A'. S2- IR', 59 - CWP,
pmd. su. kf IW 511CW '/CW 12C44-5112CS2-56|#224 IUR/TMP IPFeCW IPFsCN TFeCN 1CF*CN ;SS 67 150-41

Nm41131.1 330491 32786, 41478i 32592' 315a2l 7874& 7583al 75558.1 605151 32694 33095 73406, 71510
- - - 0 1252.01 632.08' 0, 0i 0 01 0 0, o 01 6454.4 23376J 35060
IF. 0.3 105.!4 I 104.12' 105.75i 01 97.166, 97.69231 97.72681 01 105.68 100.05 91.354 0

r0 I0.3 ON 4.571 49.285, 34.8081 44.5111 O 0 0. 0 103.2C 1397A4 1278
_ I _ 1 295.331 295.991 292.23, 298.07'297.341 0 274.1741 274.271, 01 296.6: 0 0, 0

LA- 0!0 01 o 01 01 790.291 ol -a 0 0O
Ce00 1 0 0 0 0 00 0, Ol o 0|zr0257.82 258.41 0 5 0 of a 0i 258.3 0 0 - 0|

lPb 0; _ a | . _ 0 - 0 - -

ol 0 0 0, 0 0 01 0 0, 92.4631 95.1861 99.991 0: 01 o
Sr 0, 0 ol O ol a) 0, a 0, 0 01 a

un: 0 0 01 0 0. 240.37' at at al0 0; 0
K ' 0; 0 0 ; 9639.91 0 a, 01 0 0, 0 01 0

balsnc .I
denslty 1.069 1- 1.06141 1.0591 1.0733 1.0567' 1.55 1.451.49 1,1425 1.0 .035 1.1161 1.22231 1.26431vo~s l s12' .. 7 24 .9j 6.81 3.41 3.9, 1.2' 3.7' ._. 1 . -L--8- 2.i 8

_vcid trm - 0.5032' -- -0-60261 --. 7565 U75W6 0.965&' 0.9251! 0.5526 0.561931 0.492881 0.99421 0.2781 0.7056 0.60881 0.6751
- ,- - a-- C --- 8 9.-324-9- ----- 90.061 90.2461 a6.929- 90.017' 87A 115i 73.256 74,1115, 74.141 98.761 99.4 15 79.0531 49.706[ 71.7f

70C t.%C 0 at O 0. 0 0 0.0574' 0 o ! 01 0

OH3894 6.6! 1.7 0.9 440.591.77 146.28 355.351 182.146, 882.05) 182.54' 576.13 156.43' 184.62|
N03 6167,45 308491 31170' 67577 474531 7783&1 156414 157318, 157374'!J284581 -30774, 13120S -1471,35 -40293
N02 -0 -7975.41--8047.g. 0. -0. ' - - 0' 0' 7044.51 7762.9' 0. 0, 52316
C03 32235.2 0 ,0 4 O 10498 0, 01 0 01 0
P04 12435.1 125861 12610 12479 12717' 4019.11 10799 11104.i M&0.1112+166 0 ol 0S04 10781 5743 5795.2' 4370.1 3068.7' 0 10028 10082Z2 10085.71 135; 7247.31 1325.8 2059.11 0

Si 111.77 529.29 530-44 523.73 5.11 Q9 -0 0 4 -91.374 491.5481 0' 531 561 0 0' 4A4.37
- F - ---- 550.1 - ...8 3542.5-- 2782' 3604.5 0 - 323 64 3324.81- 0 3595,5' ol ol o

C: 0 01 0 0 0- 0- 712.76 0 0. 0 0' 0 0' ol
Cs"507 0 0- 0- 0 0 0 0 0, 0, 0. of ol o
ED7A 0 0_ 0 _ 0 . 0g 0 a 0 0 0-
HEDTA 0 ol 0 0- 0 0 0 0 o' 0. 0 01 0
NTA 0- 0 0 0 0 0 0 0 0 0
gIycolate 0 ol 0 0 0 Ol 0 0 o 0 0 ol 0acetate 0 0, 0 a 0 0 0 ol 0 0 0 0 0 0oaa 0 0' 0 0 0 1883.6 0 0' 0 0 0 0 0
7BP G o' 0 0 0 0 0 ul 0 0 0 Of 0WN'PH - 0 0 0 or _ - 0 ol - 0 -- 0; 0Cw4 _ .. 0 . d 0 0 0 0-Ilw -xne ___ 0 l 0 0 0 0 0 1 0 00O

-NI-F.(CN)G- 0 0 0' 01 0 0. 0' 0 0 ol , Of 0
iPui GsclL) -- -t 

- -

ICs jClL)
Sr (CVL-

9 10303' 561.5

By
By',
JAI -

A l'--

TI 10303 5605.5
E-6
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-4-

Liquid, Gal.

82 x 103

TANK ll1-T STATUS

Sludge, Gal.

430 x 103

Chemical Analyses

Sn. Gr. (g/cc)

1.032

Free NaOR

col (g/l)

A102 (g/1)

F~ (g/l)
Cl~ (g/1)

Na (g/l)

NO3 - (9/1)

CN

O.701N

0.022

" n
.; . C

21.0

2.47

9.5
N.D.

Camma Scan

Zr-Nb9 5 (uc/1)

Ru-Rhl 0 6 (uc/1)

Sb-:25 (uc/1)

Cs-134 (uc/1)

Cs-137 (uc/1)

3.48 x 12

1.21 x io3

N.D.

N.D.

1.15 x 10 3

Boil-Down Studies

Percent Boil-Dcvn

Boiling Point (0c)

Percent Solids -
at boiling point
at root teoperature

3 -15-65

& 50 80 90

105 105 106 107

cj2r ci: 5 7
Q r ci: 28 70

C-31
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Atlantic Richfield Hanford Company

June 7, 1974

R. L. Walser

R. E. Wheeler W' Za

Subject: ANALYSIS OF TANK FARM SAMPLES
SAMPLE: T-3304 111-T

Clear, Yellow,

13.25

1.018
0.254 M

<6.48 x 10
0.446

4.39 x 10-

0.

1.

083 M

17 x 10

No Exothenn
- 3

3.79 x 10

2.16 x 102

30' solids like rust. Filtrate <10 mrad/hr.

M_

M

g/l

M

M

3.56 x 10 M

Vis-OTR:
pH:

SpG:

OH:

A:

Na:

N02 :

N03:

Pu:

ITA:

SO4:

P0 4 :
F:

C03:

GEA:

Curve:

1.13
3.69
4.66

uCilgal
x 10' uCi/gal
uCi/gal

10'C for 45 min.
5oC for 45 min.

30% Reduction - 27.5
50% Reductin-=50.0

No solids.
No solids.

Solids - 0
Solids - 0.5%

REW: j d

C-32

Date:

To:

From:

Akk

0.024 M

137Cs -
-Cs -" Sb -

98.24%Water:

Cooling
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Date:

WHC-EP-0806

ifl!d Hanford ucmpany

September 24, 1974

To: R. L. Walser

From: R. E. 'heeler A 14

Subject: ANALYSIS OF TANK FARM SAMPLES
SAMPLE: T-L893 111-T -

Vis-OTR:

pH:

SPG:
OH:

Al:

la:
Qm :
NO-.:

Pu:

CT:

Black. 90% solids.

12.9
1.0202

0.206 M

7.75 x 10' :M
0.188 M .C-

5.17 x 10-3 M
0.109 N
< 1.41 x 10-6 gl

I:o exotherm below 200

.43 x 10~3 M

?.33 x 10~ M
4.2S x lo-2

6.59 x 10 M
Cs -.. x 2 c

-. : :''-C for 15 min.
35:C
3flt C
23'C
2U=C

for
for
for
:or
7cr

cr
7or

45
£5
~25

4-
'5

mi n.
mi n.
-in.
ri n
mi .
rin.
ri n.

10 mrad/hr, filtrate

i/ga'

90 ~
on.,

90%
on,,
OrV
onf

Solids.
solids.
solids.
sol ids.
solids.
solids.
solids.
soliCs.

>hristensen

C-33

.i\
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